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ABSTRACT 

This report addresses a central issue in 
postsecondary education; hov such space is likely to be needed to 
accoaaodate the enrollaents between '975 and 1990 in both the 
nonprofit and proprietary educational sectors. Baphasis is placed on 
projections of postsecondary enrollaentSv size distribution of 
institutions and caapusesr current perception of space reguireaent 
needSr coaparison of space-to space standards* statistical 
deteraination of space standards, an estiaate of stocks 1970*1990, 
proprietary postsecondary schools, cost of construction, new 
technologies and attendance patterns, and hov auch space is really 
needed. Statistical data are presented within the report as well as 
within the attached appendixes. (BJH) 
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SUMMARY AND CONCLUSIONS 



This study of the facilities needs of the post-secondary schools 
was conducted at an interesting time. The long period of increasing 
undergraduate degree -credit enrollments had come to an abrupt end. 
Graduate and professional enrollments were still growing apace, but 
it was not at all clear how long this could continue. The only segment 
of post -secondary education which exhibited sustained growth, and is 
currently the fastest-growing of all, is the vocationally oriented one 
catering to non- degree-credit students. 

There is a growing consensus that enrollments will not grow 
as fast in the post- secondary sector as had been projected in the 
past. Hence, a revised set of projections was developed for this 
study. Table A presents a comparison of these estimates with some 
previous efforts to forecast the workload of the post -secondary 
sector. If the low, and pessimistic, projection describes future 
enrollments, it is quite likely that degree-credit students may fall 
short of most forecasts by as much as 1.0 to 1.5 million. 

In our field visits, we found that this message apparently had 
not reached campus planners. Extensive construction plans for many 
public institutions are still being justified on the basis of fairly high 
enrollment targets prepared a number of years ago. In the few 
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TABLE A 

ENROLLMENT PROJECTIONS FOR 1975 AND 1980 
BY VARIOUS ORGANIZATIONS 

(Thousands of FTE Students) 



1975 1980 





Degree- 
Credit 
Only 


AU 


Degree- 
Credit 
Only 


AU 


NCES (1968) 


7,283 


7,283 


n.a. 


n.a. 


NCES (1972) 


7,472 


8,166 


8,567 


9,431 


Norris Committee 


8,003 


n.a. 


n.a. 


n.a. 


Carnegie Commission 


8,052 


8,801 


9,293 


10, 156 


This Study: High 


7,625 


8,334 


8,343 


9,118 


Low 


6,509 


7,114 


6,969 


7,616 



Source: Department of Health, Education, and Welfare, Office of 
Education, National Center for Educational Statistics, 
Projections of Educational Statistics to 1977-78. 1968 
edition. Table 16, p. 24; ibid, 1972 edition. Table 12, 
p. 33; DHEW, Office of Education, Chalmers G. Norris, 
Study Group Chairman, Federal Support for Higher Education 
Constru ction: Current Programs and Future Needs . Report 
of the Higher Education Construction Programs Study Group, 
Table F-10, p. 145; Gus W. Haggstrom, "The Growth of 
Higher Education in the United States," Project on Statistics 
of Higher Education of the Carnegie Commission on Higher 
Education, (mimeographed). Table 1, p. 3. 




instances where central planning authorities were trying to delay or 
reduce the level of construction, their attempts were frustrated by 
a tug-of-war with individual campus administrators, who, relying on 
their political connections, were pushing ahead campus construction 
plans baserl on overly optimistic enrollment projections. 

The private sector has not yet perceived the possibility that 
the publicly subsidized schools will ha/e more spaces than their 
traditional "market share," Private school administrators have not 
faced up to the likelihood that enrollments will decline in private 
four-year schools as they have in private two-year schools in the 
recent past. 

In summary, it is quite likely that the next few years will be 
times to try campus planners' souls. In this study, we present a 
new set of planning factorr and techniques to assist them in meeting 
this new challenge. 

At the very outset of the study, we projected new, likely 
distributions of students between the private and public sectors. The 
major assumption underlying these projections is that public schools 
will fill rhcir quotas irrespective of the level of enrollments. Thus, 
the bulk of the shortfall of enrollments will be borne by the private 
sector, A c<jniparison of student workloads in the public and private 
sectors with ilic latest NCES projections is shown in Table B, Our 
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high projection differs only marginally from that of NCES. However, 
if the low enrollment estimates prove to be accurate, the private 
sector enrollments will be twenty to twenty -five per cent below 
forecasts based on past trends . 

We expect that, even under pessimistic enrollment projections, 
enrollments in the public sector will grow, at least between now and 
1980. Mence, a number of new institutions are likely to be established, 
and some present campuses will be expanded to accommodate these 
students. A projection of campuses by size appears in Table C. 

In order to determine the future space requirements, we 
derived a series of space standards, six in all, one for each of the 
three types of schools in both the public and private sector- -univer- 
sities, four-year schools, and two-year schools. These standards, 
which include no provision for technical programs, are shown in 
Tvible D. They are most useful for calculating incremental space 
requirements. In addition. Table D shov/s somewhat higher space 
standards which could be used if addicional space allowances for 
small sch(Kjls and '"echnical programs were included. Finally, 
these standards are compared to those developed by the Higher 
Education C-onstruction Program Study Group in the late 1960's. 

I'ndcr any conceivable standards, the overall shortages of 
assignable sp.ice did not exist by |<\ill 1971 in eitlier the public or 
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private sectors (see Table E). Table E does not show that the 
averages were masking severe shortages in certain types of space: 
class laboratories, which were preventing some schools from offering 
well-rounded programs; study space, which resulted in less than 
adequate library collections and facilities; and office space, which 
forced many faculty members to use substandard facilities. This 
study documents in great detail the inequality of facilities between 
schools, and, if widely disseminated, should draw the attention of 
planners to this topic. 

Unfortunately, no precise statistical explanation of required 
space, or current practices about space usage, could be derived 
from an elaborate set of statistical regression analyses. These 
analyses contributed to an understanding of some of the factors which 
affect space demands: (1) the number of FTE students, (2) the 
number of i^E staff, (3) expenditure patterns, and (4) in the case of 
schools offering doctorate programs, their course mix. In the case 
of private universities, nearly one- fifth of the available space was 
explained in regression equations by heavier-than-average doctorates 
in natural, physical, and biological sciences. 

In order to forecast availability of space, future retirement 
rates must be considered. Since over 40 per cent of the non-residential 
space in the public sector and 30 per cent in the private sector has been 
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built since 1968, special retirement estimates were necessary. We 
estimate that, with present commitments through 1975, the stock of 
non- residential space will amount to 1,028 million assignable square 
feet. Retirements in the next 15 years will claim 68 million 
assignable square feet. 

How adequate this stock might be will depend not only on the 
number of students, but on the character of programs in the post- 
secondary sector. A survey of innovative programs, technological 
developments, etc. , did not encourage us to modify our projections 
of future requirements. We believe that, at best, the changes in the 
post- secondary system will be cosmetic; at worst, the system will 
not change in this decade or the next. 

We could not see any effective way of helping proprietary 
schools catering to proprietary students th**ough facilities programs. 
Most of these schools are small, and many go in and out of business 
in a few years. Their principal worry today is that proprietary 
enrollments are declining in the face of stiffening competition from 
public junior colleges. A federal policy to subsidize facilities of 
schools in this sector v juld be difficult to administer and would not 
address the fundamental problem of these schools. 

Our survey of construction costs has convinced us that, under 
ordinary circumstances, they will continue to escalate one per cent 
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faster than the cost of living. We are also convinced that the cost 
per assignable square foot was higher than required by mere concerns 
of providing minimum adequate space. Post- secondary schools are 
built with aesthetic values in mind. 

In the last chapter of this study, we have tried to assess 
future space availability in the public sector, determine where space 
shortages could conceivably develop, and compare probable levels of 
demand for this space. Eight sets of projections of required space 
were prepared, using three approaches: 

(1) L'sing standards for space developed by this study: 

(a) using these standards without any adjustment, 

(b) using these siandards and adjusting for space 
required for technical programs, 

(c) augmenting estimates derived in (b) by an 
allowance for space in schools with campuses 
below 5,000 r^TE students. 

(2) I 'sing the three estimates of space derived above to 
estimate tlie space required to accommodate the growth 
in eni ollment between 1970 and 1975, 1980, 1985, and 
1990. 

(3) Estimating the amount of space needed 

(a) to eliminate shortages of space in schools in 
the public sccior with space less than the 
standards developed by this study, 

(b) to provide adequate facilities for campuses which 
were projected to grow as increased enrollments 
in the public sector increase. 
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We prefer the third projection as being the most realistic* 
The first projection would result in sufficient space only if all schools 
had precisely the space they required. Surpluses in one school 
would cause shortages in another. The second projection is some- 
what more realistic. It assumes that, since there was enough space 
on the average, space to accommodate new students is all that is 
needed. The third projection simulates reasonable campus planners* 
behavior, and is hence the best of the three. 

Under any conceivable assumption, sufficient space will be 
available by 1975. If enrollments stabilize, hardly any building will 
be required from there on. If they do grow in line with the trends 
during the 1960's, modest additions to assignable space, at roughly 
two-thirds to one-half the rate of commitments during the past two 
years (when no general aid to construction was available), v/ill be 
sufficient to meet the projected needs (see Table F). 

In conclusion, we see no crisis in post -secondary facilities in 
the near future. We do see a challenge to minimizing the expendi- 
tures of this nation's resources. If it were possible to integrate 
excess space in the private sector into the public sector, the freed 
resources could be better appliv3d elsewhere. 
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CHAPTER 1 
SCOPE OF REPORT 



The report addresses a central issue in post -secondary 
education: how much space is likely to be needed to accommodate 
the enrollments between now and 1990 in both the non-profit and 
proprietary educational sectors. On the surface, this is a simple 
question, since a considerable volume of literature is available on 
the subject of desirable standards for facilities in the non-profit 
sector, and facilities in the proprietary sector constitute only a 
small portion of all the space required for instruction of post- 
secondary students. 

A closer examination of tlie topic, though, reveals that 
projections of required space are not as simple as they seem. In the 
first place, there is considerable uncertainty about the levels of 
enrollments, both in the immediate future, say the next three to five 
years, as well as during the next two decades. Second, the require- 
ments for space do not depend solely on the levels of enrollments, they 
are affected by the number of i istitutions and campuses which are 
operated. Possible economies of scale could make it possible to 
accommodate more students in a given amount of space on fewer 
campuses, as contrasted to fewer students with the same amount of 
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space on more campuses. Third, the availability of a given amount 
of space does not guarantee that sufficient space will be available for 
all students- -some institutions may have more space than required, 
and others may be short of space. 

The problems of determining adequate space standards on a 
national scale is further complicated by different space requirements 
for different types of students, i.e., students in the sciences gener- 
ally require more space than students in some other disciplines, and 
graduate students are believed to require more space than under- 
graduates. Even more importa.itly, the offerings of a post -secondary 
institution are likely to be affected by the type and amount of space 
available. It is quite likely that some institutions do not offer certain 
programs, or offer inadequate programs, because of total or 
specialized space shortages; thus, ii some cases, present space 
standards may be irrelevant. 

There are a large number of additional problems which affect 
the determination of adequate space utilization. This introductory 
chapter will attempt to give an overview of these problems, and 
indicate how they are likely to be handled in the body of the study. 

Trends in Student Enrollments 
Many observers of post -secondary education, as well as 
university planners and administrators, have lived all their adult 
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lives during a period when post-secondary enrollments were growing 
apace. In the very recent past (some five years ago), it took real 
courage to forecast a slowdown in this rate of increase* and during 
the past year or so, increasing numbers of researchers have 
broached the possibility that enrollments may stabilize in the near 
future, and are likely to dip slightly during the 1980's, 

I^ower forecasts of future enrollments are based upon the 
observed decline of the birth rate, which will reduce the number of 
persons in the age group most likely to enroll in college. Further- 
more, since both academic and financial barriers to college 
attendance were lowered during the past decade, a number of 
investigators have felt that the peak in the propensity to attend 
college is likely to be (or may even have been) reached. Whether 
this is the case or not remains a moot point. 

It is true, though, that undergraduate enrollments during the 
past few years have not increased very fast, and that the degree of 
uncertainty about future enrollments has increased exponentially. As 
forecasts based on past trends were too high, doubts have been raised 
about the future prospects. These doubts are not shared by everybody 
in the post-S'?condary sector. Persons more optimistic about the 
future of higher education enrollments, mostly college administrators, 
argue that (1) the ilemand for post-secondary education will continue 
to grow as the affluence of the American population keeps increasing. 
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and (2) that new recruits will be found for college admission, i.e., 
persons who may wish to return to college to expand their knowledge, 
update skills, or even retired persons desirous of acquiring new 
interests. 

Current evidence does not support these optimistic proposals. 
It is not at all clear to what extent college education has been chosen 
by the majority of Americans as a way to enrich their lives, and to 
what extent it has been bought as an investment, either to improve 
earnings or marital prospects, if projections about the demand for 
college graduates are correct, the slight surplus of both college 
graduates and college -trained personnel over and above the number 
of jobs believed to be suitable for persons with college education will 
undoubtedly depress wages, and make college attendance less 
attractive. Also, the types of courses offered at both the under- 
graduate and graduate levels are not likely to appeal to retired 
persons, who are probably interested in less rigor and structure 
than is likely to be offered by most institutions.^ 

The types of institutions which students will decide to attend 
will also affect future space needs drastically, it has been generally 



Also, given the cost of attending most institutions, the drain on 
older persons' finances of commuting, fees, books, etc., is likely 
to be quite considerable in relation to their budgets. Hence, this 
market is more likely to be ser/ed by low-cost institutions, if at 
all. Strangely enough , some high -cost schools, e.g., Columbia, 
have announced continuing education programs in the humanities, 
oriented to this market. 

. "35 
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believed that students in private institutions are provided witli more 
space than students at public institutions; hence, at first blush, one 
would be led to believe that the shift from private to public institu- 
tions could result in less space requirements than would be manifested 
if more students attended private institutions. This may or may not 
be the case if enrollments in the private sector remain stable or 
decline and enrollments in the public sector grow. There may be 
excess space in one sector and shortages in anotlier. As will be 
pointed out in the section on institutions, much depends also on the 
number of campuses to be operated. 

Here, we shall merely note that not only the control of the 
school but also the type will play a role in determining space require- 
ments. Thus, it appears tiiat schools specializing in a narrower 
range of education, say, junior and community colleges, manage to 
be satisfied with less space requirements than four-year schools. In 
turn, universities require more space per student compared to either 
junior or community colleges or four-year schools,, Parenthetically, 
it may be noted here that technical and engineering schools, as well 
as medical schools, have very different space requirements from 
other post-secondary inst' 'tions. 

There is very little information about the extent of space 
requirements in the proprietary sector. Fragmentary information 
from sclecf^d schools indicates that both secretarial, data-processing, 
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and other non -crafts schools manage with some 40 square feet per 
student. Craft schools, e.g., auto -mechanic, boiler-repair, or 
medical technician, require some 60 square feet per student. By 
contrast, television repair schools, which are generally small, 
make do with 15 to 20 square feet per student. In most cases, the 
schools provide little more than classroom/lab space, very limited 
faculty offices, and some administration space. With very few 
exceptions, the amenities of post -secondary institutions are 
dispensed with. 

The above considerations have prompted us to prepare 
enrollment projections (1) for different levels of possible enroll- 
ments, (2) by control of institution, (3) by type of campus, and 
(4) by size of campus within type. Each one of these dimensions dis- 
cussed below is relevant to the determination of space requirements. 

Campus or Institution ? 
The plan to prepare projections in a disaggregated manner 
was adopted despite the fact that it causes a large number of data 
problems. For instance, »here is no published series of enrollment 
by campus, and the scries of enrollments by type of institution (an 
institution may consist of a large number of campuses) does not 
extend very far back either. The earliest data available from the 
Office of Hdu<:ation goes back only to 1963, and it docs not distinguish 



ERIC 



between enrollments in public and private institutions. There is 
very little information either on a campus or institution basis that 
traces enrollments by size of institution for 10- to 20-year periods 
of time. 

Under these circumstances, other ways of allocating students 
to schools had to be found. The one selected for this study assumes 
that the same proportion of students will attend campuses by size in 
future years as they do now, with the distribution within type of 
campus adjusted by the propensity to enroll in different types of 
institutions. Other methods, e.g., one which takes into account 
plans for establishing new campuses or institutions as reported by 
states, and trends past developments in the distribution of students 
by types of institutions/campuses, could have been used, and are 
discussed in the report. 

Current Standards for Space 
Perceived needs about the space for accommodating students 
undoubtcdl/ influence existing space standards. What is believed to 
be right is used as a target to reach, given certain enrollment goals. 
We collected a variety of standards, studied the way they are derived, 
and interviewed administrators and planners of campuses to under- 
stand liow they were applied in practice. A separate chapter in this 
report summarizes some oi* the more commonly used planning 
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standards and discusses their adequacy and their usefulness for 
mapping national goals and projections. 

Current Availability of Space 
National inventories of space, when published, generally 
present averages by institution, by type and control, and sometimes 
by size of institution. This study goes much further: not only have 
we compiled data by size of campus, by type, by size, and by control, 
we have also calculated the distribution of space in each segment of 
the institution by quartile, with institutions ranked by the amount of 
space available. For each category of institution, we have further 
evaluated means and standard deviations for all space, and for space 
by type. This type of ^analysis gave us an opportunity to re-analyze 
the space availability for various types of campuses, and to pinpoint 
differences in space availability between campuses. 

The analysis has focused upon the various t3rpes of space 
available- -classroom, laboratory, general use, and special use 
space, as well as dormitory space. The hypotheses for the 
differences in available amf-unts of space are discussed in this 
chapter, 

[determinants of Space Requirements 
A number of hypotheses advanced in the previous chapter were 
later tested. The effect of various rates of space utilization were also 
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discussed. Among the hypotheses tested statistically were the 
following: that space requirements (1) depend upon the mix of students 
(a) by level (graduate, undergraduate), and (b) by orientation of the 
institution (degrees granted in selected groups of disciplines); 

(2) are related to the number of faculty members per student; and 

(3) are affected by the level of expenditures per student for 
instructional purposes. 

Some generalizations were drawn about future space 
requirements, given the results of these correlations. 

Future Space Availability 
Not all the space available today will be usable 20 years from 
now. Some of the space will become obsolete and have to be retired, 
and more will become so dilapidated that it will not be worth refur- 
bishing. The experience with space retirement in the late 1950' s and 
early 1960's was used to project the retirement rates for the next 
20 years. 

Proprietary Post -Secondary Education 
An evaluation of the extent and the future of proprietary 
post-secondary education is presented. Some obser/ations about 
space procurement are then made on the basis of (1) field visits, and 
(2) discussions with operators of proprietary schools. The flexibility 
of space acquisition by this sector is contrasted to the non-profit 
sector. 1 1 
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An Analysis of Costs of Space 
Based upon information collected from selected state 
departments of education and a file from College Management 
magazine, estimates of costs per square foot of construction incurred 
in the past few years are presented. Future levels of construction 
costs, given the mix of facilities likely to be built, are discussed. 

Some Comments on New Technology and New Pattems of 

Post-Secondary Education 

Past trends are only relevant if the organization of the post- 
secondary sector is such that no change takes place. The possibility 
of new departures in post-secondary education, such as computer- 
assisted instruction, independent study, degrees by examination, 
etc. , are discussed, and their impact on space assessed. 

flow Much Space Will Be Needed ? 
Alternative projections of space requirements are presented. 
The space requirement projections will vary, depending upon assump- 
tions made about space utilization, enrollment growth, etc. Four 
various alternatives of required space are projected for the period 
l')75 to 1990. 
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CHAPTER 2 

PROJECTIONS OF POST -SECONDARY ENROLLMENTS 

How much space will be required for post- secondary institu- 
tions will depend on the number of students who will choose to enroll 
in these schools during the next two decades. Hence, an estimate 
of future enrollments is crucial to all forecasts of facilities require- 
ments. A few years ago, it appeared that such an estimate would 
not require much courage to prepare. All one needed was patience 
and skill to analyze the past trends of enrollments by socio-economic 
class, by ability grouping, etc. , and apply them to the prospective 
size of the high school graduating class. This procedure would 
forecast enrollments reasonably well. Even projections based on 
fitting least-square trends such as the ones prepared by the U.S.O.E.'s 
National Center for Educational Statistics appeared to perform fairly 
well in the short run during the late 1960's and early 1970's. 

In both 1972 and 1973, though, the complacency of forecasters 
has been shattered. Actual fall enrollments for 1972 were below 
most projections, especially for degree credit undergraduates. An 
analysis of first- .le enrollments for that year, based on the Current 
Population Survey (CPS), indicates a serious reversal in the propensity 
to enroll in college. While the proportion of high school seniors who 
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attended post -secondary institutions in the year after graduation was 
increasing every year in the 1960's, first-year enrollments of seniors 
in 1972 were some 49 per cent of the graduating class, as contrasted 
to 54 per cent in 1969.^ 

A number of developments may have contributed to this decline* 
and the following questions need to be answered: 

(1) Did the end of the draft and the Viemam war affect 
the propensity to enroll? 

(2) Was the decline in enrollments due to the drying 
up of certain kinds of student aid? 

(3) Or, perhaps, were enrollment decisions affected 
by the unfavorable publicity about job prospects 
for college graduates ? 

Currently, there is no information about the influence of any 
of these or other developments on decisions to enroll. We do know, 
though, that the proportion of seniors enrolling in degree programs 
is down from most forecasts, the number of graduate and first- 
professional students is still increasing apace, and attendance in 
non -degree programs is booming. In the fall of 1972, the number 
of non -degree students was 13 per cent of pre -baccalaureate degree 
students in the United States. In the course of the past three years, 
their numbers were growing roughly 50 per cent faster than that of 
other undergraduates. 



^ "The High School Class of 1972, " by Ann M.Young, Monthly Labor 
Review, June 1973, Vol. 96, J^. 6, p. 29. 
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An analysis of what has happened is further complicated by 
some drastic changes in the timing of enrollments which have 
occurred since 1965. A comparison of patterns from the 1960 Talent 
study with CPS enrollment analyses for the period 1965 to 1970 lead 
one to the conclusion that a larger proportion of students from poor 
families enrolled in college right after graduation in the late 1960*s 
and the 1970*s than in the 1950* s and the early 1960* s. Some modeling 
by this writer leads him to believe that in the early 1970* s as many 
as 80 to 90 per cent of all full-time students from lower socio-economic 
groups enrolled in college in the year after high school graduation. 
Thus, the patterns of full-time attendance between the rich and the 
poor was significantly narrowed during the 1960*s. 

These changes in the attendance patterns and in propensities 
to enroll make past extrapolations and models inoperative. Models 
forecasting the future enrollments in post -secondary education have 
to be built from the ground up, and require more resources than have 
been made available to this project. Under these circumstances, 
we have decided to use two estimates of future enrollments. The 
high estimate assumes that the propensity to enroll will continue to 
go up between now and 1980, and will then level off with roughly 68 
per cent of all high school seniors choosing to enroll in a degree 
credit post-secondary program at some time during their 
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lifetime.^ Our best judgment is that this is the maximum enrollment 

which could be expected during the next twenty years. This compares 

to some 62 per cent of all high school seniors who would be expected 

to enroll in college at 1969 enrollment rates, and the 56 per cent one 

would expect to enroll if past trends hold, given the levels of first - 

2 

time enrollments in 1972, 

The high projection of enrollments also assumes that higher 
proportions of those receiving bachelor degrees will continue their 
education and attend professional and graduate programs. Based on 
recent developments, there is no reason to doubt that trend. 
Especially if the job prospects for B,A, recipients are unfavorable, 
the incentive to improve one's qualifications by participating in 
professional or graduate training may prove to be quite strong. 

At the same time, there is reason to believe that the 
proportion of non-degree students to pre -baccalaureate degree 
students will continue to increase. Skill training, as part of career 
education models, is being increasingly promoted by federal and 
local authorities. 



Joseph Froomkin, Aspirations, Enrollments, and Resources , The 
Challenge to Higher Education in the Seventies, U, S, Government 
Printing Office, Washington, 1970, Table B-VIl, p, 122, 

Cf. Table B-IX, Ibid, 
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To reflect the increasing popularity of skill, non -degree 
training, an estimate was prepared by fitting a logistic curve to the 
ratio of non-degree to pre-baccalaureate students. The relationship 
of non -degree to pre-baccalaureate students was estimated at 17.6 
per cent for 1990 and 12.4 per cent of all degree credit students. 
Between 1972 and 1990, the proportion of non -degree to pre-bacca- 
laureate students was set to increase linearly at 1.7 per cent a year 
compounded. The aggregate levels of enrollments in terms of total 
students are shown in Table 2.1. This estimate of total students was 
based on the projection of enrollments in the post -secondary system, 
outlined in The Financial Prospects of the Post -Secondary Sector, 
1975 to 1990 .^ 

If past trends provide one a maximum estimate of enrollments, 

how is the lower estimate to be derived? It will be remembered that 

roughly 50 per cent of all high-school graduates between 1890 and 

2 

1950 participated in some post-secondary education. It may be 
possible to set this as the trigger to estimate the lower level of future 
enrollments. We believe that this procedure would result in esti- 
mates which arc much too low. As a result, we have estimated 



^ Prepared under Contract HEW-OS-72-162, November 1972 by 
Joseph f'roomkin, Inc. 

2 

Aspirations, etc. , op. cit. , Chapter 2, esp. pp. 15ff. 
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a level of undergraduate enrollments based on Fall 1972 enrollment 
trends, i.e. , enrollments of some 50 per cent of all high-school 
graduates in the year after graduation, and a life-time participation 
rate in post -secondary education of some 56 to 58 per cent for high- 
school graduates. We also assumed that the propensity to enroll in 
graduate school would stay at roughly 1972 levels. In other words, 
the proportion of graduate students to the eligibles aged 23 to 29 
would remain fairly constant. The proportion of non-degree 
students to pre-baccalaureate students was kept the same in both 
projections. The resulting estimates of total enrollments appear 
in Table 2.2. 

While the liigher projection of enrollments between now and 
1985 indicates the growth in the workload of post -secondary insti- 
tutions to be close to 26 per cent with a leveling of enrollments 
after that date, the low projection indicates that enrollments will be 
flat between now and 1975, will grow seven per cent between 1975 
and 1981, tlie peak year, and will then decline ten per cent in the 
decade ending in 1990. 

The two projections have widely differing implications for 
facilities construction. While the high projection implies that 
roughly 25 per cent more students will be enrolled in the peak period, 
namely b)81-82, tlic low projection forecasts a more modest topping 
out at some seven per cent in that year. In the short run, the high 
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projection would call for much construction, the low one for very 
little. 

The implications for the long run are also quite different. If 
the high projection proves correct, some replacement of obsolete 
facilities and buildings to offset retirements will be required between 
1980 and 1990. By contrast, the low projection implies that very 
modest refurbishing and remodeling will suffice to meet the needs 
of post -secondary institutions during the later time period. 

The aggregate projections may not accurately reflect facilities 
needs of post- secondary institutions. It is quite possible that one 
sector can either remain stable or decline, while another will grow 
quite rapidly. Separate projections appear below, showing our best 
estimates of enrollments by type of campus for four selected years: 
1975, 1980, 1985, and 1990. 

The distribution of enrollments by campus is adapted from the 
previously cited study (The Financial Prospects of the Post -Secondary 
Sector, 1975 to 1990 ). The projected enrollments in Financial 
Prospects were by college or university system, extrapolated from 
existing NCES data bases. In other words, a state network of post- 
secondary institutions, where one campus was classified as having 
strong doctoral orientation, but also included other four-year campuses 
and possibly two-year satellite locations, would be reported as a 
university. Another institution which is considered by the National 
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Center to have a less strong doctoral commitment, but which 
nevertheless grants a Ph.D., is classified as an "other-four -year- 
institution." Only independent community and junior colleges are 
classified as two-year institutions by the Center. 

Since most of th succeeding analysis is based on an analysis 
campus by campus, rather than by institutional networks, the 
projections below have been adjusted in two ways: 

(1) Campuses have been classified by their predominant 
orientation as of 1970-71, and 

(2) All institutions granting a Ph.D. , irrespective of the 
extent of their commitment to a doctoral program, 
have been classified as universities. 

As a result of these changes, the majority of graduate students 
are now to be found in the category labeled "universities." The same 
observation can be made about first professional students. Roughly 
five per cent of university enrollments in the public sector were 
shifted to the two-year community college sector. A matrix showing 
these shifts appears in Table 2.3. It was assumed that the extent of 
these shifts would not change in the future. 

The distribution of enrollments by type of institution for the 
high projection offers no surprises in the case of the private sector 
(Table 2.4). It was assumed that the total enrollments in that sector 
would remain stable throughout most of the period, i.e., to 1985, 
and would decline between 1985 and 1990, as the absolute number of 

o 

ERIC 



19 

enrollments in the public sector was assumed to remain stable, and 
the declines in enrollment were to be boiiie by the private sector. 
Towards the end of the time period, by 1990, institutions which offei^ 
graduate programs would probably suffer a smaller loss in enroll- 
ments, compared to those which offer only undergraduate instruction. 

If the high projection turns out to predict enrollments, 
significant growth is likely to occur in the public sector. Two growth 
areas in this sector are: universities offering graduate degrees, 
which will experience considerable growth bet veen now and 1980, and 
will stabilize thereafter; and two-year colleges, where the projectPd 
growth of some 40 to 50 per cent in full -time -equivalent students is 
projected between 1970 and 1980. 

Recent experience gives no clues as to how either stable or 
declining enrollments are likely to affect distribution of students by 
institution. The experience of the depression of the 1930' s and the 
falling post- secondary enrollments during World War II are hardly 
relevant in forecasting the distribution of students in the event that 
the propensity to enroll in college either moderates or declines. 

Causes of declining enrollments are probably different today. 
If one of the important factors affecting decisions to enroll in college 
is the cost of attendance, it is quite likely that the lack of interest in 
a college education would affect the private sector more drastically 
tlum the public one. If, on the other hand, the decline in enrollments 

Si 

o 
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is due to the reluctance of low-achieving middle- and lower-class 
children to finance their <='':ucation through debt, it is quite possible 
thf»t the pubi c sector could be affected more drastically than the 
private one. 

Since considerable doubt surrounds the causes of current 
shifts in propensity to attend post -secondary institutions, we decided 
to allocate the lower enrollments in precisely the same proportion 
a» the higher ones. In other wcrds, it was assumed that ail types 
of institutions would lose the same proportion of students by type. 
Care was taken to allocate the same proportion of pre-baccalaureate, 
non-degree, first-professional, and graduate students to each type of 
institution in both the high and low projections (see Table 2,5), 

If the low enrollment patterns are to materialize, roughly 
25 per cent more full-time-equivalent students will be registered in 
all public institutions in 1980, as compared to the early 1970*s, By 
U^^O, the enrollments will be some 15 per cent above those at the 
beginning of this decade. 

In the private sector, we can expect drastic declines in 
enrollments, on the order of 15 per cent, between uo\^ and 1975, and 
a continuing decline of between 6 and 12 per cent for every succeeding 
five years. The declines will be less pronounced between now and 
1985 in the university sector, and more drastic among the four-year 
colleros. The two-year junior college segment is relatively unimportant 
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in total enrollments or as a share of enrollments in the private 
sector, and we would not be surprised if our projections underestimate 
tlie decline there. 
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TABLE 2.1 

HIGH PROJECTION, TOTAL STUDENTS, BY YEAR 
(Students in Thousands) 





Degree 
Credit 


Non- Degree 
Credit 


Total 
Enrollment 


1970 (Actual) 


7,868 


653 


8,521 


1975 


9,826 


914 


10,740 


1976 


10,090 


959 


11,049 


1977 


10,350 


1,004 


11,354 


1978 


10,542 


1,033 


11,575 


1979 


10,678 


1,068 


11,746 


1980 


10,739 


1,095 


11,834 


1981 


10,674 


1,110 


11,784 


1982 


10,577 


1,121 


11,698 


1983 


10,480 


1,121 


11,601 


1984 


10,394 


1,143 


11,537 


1985 


10,301 


1,164 


11,465 


1986 


10,350 


1,190 


11,540 


1987 


10,381 


1,215 


11,596 


1988 


10,412 


1,239 


11,651 


1989 


10,443 


1,274 


11,717 


1990 


10, 474 


1,299 


11,773 
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TABLE 2.1 (Cont'd) 
HIGH PROJECTION, TOTAL STUDENTS, BY YEAR 



Source: Adapted from: J. Froomkin, Aspirations. Enrollments, and 
Resources , LJ. S. Department of Health, Education, and 
Welfare, Office of Education, U. S, Government Printing 
Office, Washington, 1970. 
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TABI.E2.2 

LOW PROJECTION, TOTAL STUDENTS, BY YEAR 
(Students in Thousands) 





Degree 
Credit 


Non- Degree 
Credit 


Total 
Enrollment 


197() (Actual) 


7,868 


653 


8,521 


197.^ 


8,217 


943 


9,160 


1976 


8,378 


971 


9,349 


1977 


8,528 


1,004 


9,532 


1978 


8,660 


1,029 


9,689 


1979 


8,752 


1,049 


9,801 


1980 


8,814 


1,071 


9,885 


1981 


8,824 


1,079 


9,903 


1982 


8,777 


1,086 


9,863 


1983 


8,711 


1,092 


9,803 


1984 


8,653 


1,089 


9,742 


1985 


8,560 


1,090 


9,650 


1986 


8,430 


1,089 


9,519 


1987 


8,304 


1,081 


9,385 


1988 


8,179 


1,079 


9,258 


1989 


8,051 


1,077 


9,128 




7,929 


1,074 


9,003 



Source; See Table 2.1, and pu 
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TABLE 2.3 

REALLOCATION OF STUDENTS. INSTITUTIONS TO CAMPUS 

Public Institutions 
Universities 

+ .50 first professionals of public other four-year schools 
+ . 50 graduates of public other four-year schools 

- .05 pre-baccalaureates and non-degrees of public universities 

Other Four- Year Schools 

- .50 first professionals of public other four-year schools 

- .50 graduates of public other four-year schools 

Two- Year Schools 

+ .05 pre-baccalaureates and non-degrees of public universities 

Private Institutions 
Universities 

+ .20 first professionals of private other four-year schools 
+ .33 graduates of private other four- year schools 

+ .05 pre-baccalaureates and non -degrees of private other 
four-year schojls 

Other Four- Year Schoclio 

- .20 first professionals of private other four-year schools 

- .33 graduates of private other four-year schools 

- .05 pre-baccalaureates and non-degrees of private other 

four-year schools 

i'wo-Vear Schools 
Unchanged 
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TABLE 2.3 (Cont'd) 
REALLOCATION OF STUDENTS, INSTITUTIONS TO CAMPUS 



Source: Comparison of H EG IS V analysis by campus with Fall 
Enrollment, 1970. 
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CHAPTER 3 

SIZE DISTRIBUTION OF INSTITUTIONS AND CAMPUSES 

The considerable uncertainty about the level of future 
enrollments outlined in the previous chapter makes it imperative to 
project the distribution of students by size of campus. Enroll- 
ments in some segments of the post -secondary sector may increase 
while they decrease in others, and changes in the distribution of 
students by type and size of campus can produce sp3ce shortages 
or surpluses. Hence, in order to estimate future space requirements, 
it is important to project likely distributions of students not only by 
type and control of institution, but also by size of institution or 
campus . 

Since the objectives of this project were (1) to estimate 
desirable levels of space in different types of higher education 
institutions, (2) to evaluate the impact of past financing patterns upon 
attainment of these standards, and (3) to suggest a method for 
esri mating future requirements to accommodate expected levels of 
enrollments, the first step in our research was to identify a system 
for classifying different types of institutions which would have similar 
space requirements, and to project likely enrollments by type and size 
of institution. 
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Much of the analysis below is based upon facilities information 
reported in HEGIS V (1970-71). The information has been checked 
for consistency with data reported in HEGIS IV, and a small number 
of records which appear to be inconsistent from one reporting to 
another were eliminated. More than 98 per cent of the records 
were retained. 

The traditional way in which data is reported classifies higher 
education institutions into clusters catering to different levels of 
students. Thus, all junior colleges are grouped together, so are all 
four-year institutions; universities comprise another grouping. 
Generally, a distinction is made as to the control of an institution, 
in which all institutions financed by state and local governments are 
reported as public and those financed by private or religious sources 
are considered private. 

The simplicity of this classification is more seductive than 
useful. It isn't at all clear what the relevant unit for analysis should 
be, l55 better to examine space availability campus by campus, or 
tc analyze aggregated data for several campuses forming one 
institution, e.g., a state system which may include a university, 
satellite liberal arts colleges, and a few junior colleges? Although 
the I'.S.O.E, chooses the latter system for most of its reports, an 
analysis of data from HEGIS V leads us to the conclusion that it is 
probably more logical to deal with the data on a campus -by-campus 

•7 

ERIC fi A 



37 



basis. One major reason is that there is no uniformity among the 
states on how they classify the several campuses. Some states group 
a large number of campuses under the aegis of one institution, others 
favor independent arrangements, either for single campuses or for a 
network of similar campuses. 

Available Historical Data 

Past history on enrollments by size and/or type of institution 
collected by the U.S.O.E. is extremely spotty. The earliest data are 
for 1960 and 1963. Enrollment by size was published for all schools 
in 1960, and in 1963 for the then- current scheme of eight different 
types of institutions. The tables do not provide total enrollments in 
.--"h category, and lump all schools of more than 10,000 students 
into one size group. The data tapes or source data underlying 
these tables are, of course, not readily available. The acquisition 
and processing of them, if they still exist, was judged too costly, 
both in time and money. 

More detailed tables were published for Fall 1968 to Fall 1970. 
These tables ate baoCsi Oil the Opening Fall Enrollment Sun'ey and 
show the number of institutions and the degree-credit enrollment for 
nine size breaks of institutions, ranging from under 200 to over 
30, 000 students. In addition to size, the data are reported by control 
and type of institution. 
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All tables of enrollment by type, control, and size of 
institution have to be used with caution because of the following 
four caveats: 

(1) Only degree-credit enrollment is reported. Thus, 
enrollment in two-year institutions is somewhat 
understated. 

(2) Reported enrollments are total head counts, and do 
not distinguish between full-time and part-time 
students. 

(3) The classification by size is on an institutional 
basis rather than campus by campus. For 
instance, the University of Maine is reported as 
one institution. In fact, it consists of eight 
campuses. One offers a doctorate, one a master's 
degree, four a baccalaureate degree, and two are 
junior colleges. 

(4) In order to qualify for the designation of a 
university, the institution concerned has to have 
a major commitment to a doctoral program, and 
at least r^o professional schools Thus, a large 
number of institutions which offer doctorate 
programs are not included in that category. 

In summary, there are little meaningful daca to trace the past 
growth of institutions. Hence, projections of the size distributions 
of institutions in the future have to be, of necessity, of an 
impressionistic and imprecise nature. 



The Financial Prospects of the Post-Secondary Sector, 1975 to 
1222, prepared for the Office of ASPE, DHEW (Contract HEW- 
OS-72-162), November 1972. 
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Using the Past to Understand the Future 

Just because the data collected to date aren*t in the form which 

we would find desirable doesn't mean that they cannot give us certain 

insights into the way in which institutions have grown. We have tried 

to use it as imaginatively as we know how to try to understand and 

estimate future growth patterns. 

When faced with a great deal of uncertainty about the relevance 

of the data, it is useful to compare more sophisticated projections 

against a naive model which assumes either (a) that things will 

remain the same in the future, or (b) they will change at the same 

rate that they have in the past. First, we have used enrollment 

projections prepared in connection with a study performed for the 

Assistant Secretary for Planning and Evaluation, Department of 

Health, Education, and Welfare.^ We allocated these enrollments 

and an estimated number of institutions projected for 1980 by state 

2 

commissions for higher education according to the 1970 distribution 
by size. No institutions were added beyond 1980 because of the 
levelling off of enrollments after that date. 



Also Financial Prospects, op . cit. 

Richard A. Holden, An Estimate of Construction Needs of Higher 
Education by 1Q80 , U. S. Department of Health, Education, and 
Welfare, Office of Education, Bureau of Higher Education, 
Washington, D. C, August 1971. 
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This method suffers from a number of weaknesses. It doesn't 
permit institutions to be re- allocated from one size group to another. 
Consequently, if the number of institutions is not increased in 
some cases, then the average enrollments in a cell exceed the limits 
for the enrollment size category. Nevertheless, it can be used to 
show the effects of a trend projection of the distribution of students 
by size of institution. 

A second way of constructing a naive model is to assume that 
a certain number of institutions will shift from one cell size to 
another as enrollment grows. Using the data from 1968 to 1970, the 
probability of an institution moving from a smaller to a larger size 
group was calculated in relation to the growth of enrollment. These 
propensities for change were then used to forecast both the number 
and the size distribution of institutions in future years. This 
method, of course, is subject to a very valid criticism. Projections 
for twenty years ahead are made on the basis of three years' 
experience. A thin reed, indeed, to make projections. 

Hence, we tried a third, and more sophisticated, method to 
project enrollment patterns. The cumulative per cent of enrollments 
and institutions in each size group were charted for the per' jd 1960 
to 1970, for all thoss? years with data on size distribution of institutions. 
For 1968 to 1970, curves could be drawn by type of control of 
institution. In earlier years, less detail was available. There was 
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some change in the shape of the curve from 1960 to 1970, but 
amazing stability in the shape of the curves in the face of a 12 per 
cent growth in enrollment between 1968 and 1970. The size groups 
accounted for relatively the same cumulative per cent of institutions 
and enrollments in both 1968 and 1970 for all type and control groups. 
Over the long haul, 1960 to 1970, the middle-sized institutions 
appeared to grow faster than either the very small or very large 
ones. 

Of course, some judgments must be made as to what type of 
relation will hold true in the face of future increases or decreases 
in enrollments. The relative stability of the general shape of the 
curve in the face of a 60 per cent increase in enrollments between 
1963 and 1970 would prompt us to assume that the relative size 
distribution of institutions will remain fairly stable. As an illustration, 
the resulting distribution of students by size and type of public 
institution, using each one of the three methods, is shown in Table 3.1. 

Some Further Refinements in the Classification of Data by Campus 
As has been stated earlier, one objective of our project is to 
estimate space requirements in homogeneous institutions. Hence, 
the campus-by-campus reports of HEGIS V can profitably be 
classified finer than they have been to date. 
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As stated earlier, the U.S.O.E, reports often classify 
several related campuses as one institution of the type and control 
of the main campus. Our first adjustment was to designate each 
campus on the basis of the highest degree offered. Thus, those 
granting doctorates were considered universities, those with less 
than a four-year program becam»i two-year schools, and the 
remaining campuses became other- four -year schools. 

These adjustments produced some shifts in the distribution 
by size and type from what U.S.O.E, reported by institution. The 
differences are detailed in Table 3.2. 

Further adjustments were made when our early investigation 
of the data showed that a large number of doctorate-granting 
institutions are small divinity schools. These were separately 
coded, segregated, and ignored in the analysis below. Another 
group of schools eliminated were U.S. Service Academies, 

Size Distribution of Schools 
At the very outset of our research, we attempted to enforce 
a similar size distribution of schools or universities, four-year 
schools, and junior colleges. We soon found that this classification 
was unsuitable. In order to have a reasonable number of schools in 
each single cell, it was necessary to adopt another more reasonable 
size classification for each type of sciiool. For instance, in the case 
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of universities, we chose three size groups, based on PTE 
enrollment: under 10,000 students, 10,000 to 20,000 students, and 
over 20,000 students. In the case of public four-year campuses, 
our size breaks are: under 2,500; 2,500 to 5,000; 5,000 to 10,000; 
and over 10,000 PTE enrollment, Por private four-year schools 
and all junior colleges, the size breaks are different again, since 
very few have enrollments of 5,000 or more. The size classifications 
the number of campuses, and total PTE enrollment in each cell are 
shown in Table 3.3, 
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TABLE 3.2 

COMPARISON OF POST- SECONDARY INSTITUTIONS 
AND CAMPUSES, FALL 1970 



Institutions Campuses 

(U.S.O.E.) (This Study) * 

Universities 159 326 

Public 94 164 

Private 65 162 

Other Four- Year Schools 1,506 1,438 

Public 341 o45 

Private 1,165 1,093 

Two- Year Schools 891 1,042 

Public 654 796 

Private 237 246 



*In this study, all campuses granting doctorate degrees are 
included under the heading of universities. Only those institutions 
with major doctoral commitments are classified as universities 
by I'.S.O.E. 

Source: See Table 2.3, p. 25 



o 

ERLC 



78 



48 



s 



CS GO 



O O ID Q O 



lo O O u^fO 
evj CO "-t 00 1 lo 

CN CO CM I 00 



2 



O CN| oolo 
lO cojoq 



o cooiomIq 

^ ^ fH ^ |C0 



SIC QliO 

loo 



O 
M 

CO CO 



x: 



s 



CN 00 



0^ 



O O O lOltO 
00 O ^ vO loo 
»H _( I CO 



lO O O lOl o 
CN CO »-( 00 I lO 
<N CO CN I 00 



^1 

3 



o CO 

^ ^ 



o 

00 



o o o|o 

CO 



O CM CM coirs 

1-H 1-H ^ I 



^ CS| >0 

CO CO 



o 

lO 



x: 



O CN X 

lo r^>o 



O O O O lOliO lO 

as i-H CN| lo I rs lo 

ipH fH ^ ICO CM 



O lO 
IQ CO 

CO cs 



§1 



o 



O lO lOjO 

Qs I 00 

1^ 



O Q lO lOlQ 
^ O COl-O 
»-H <-H I— ( I CO 



o in lO o| Q 

CO On >0 t>» I O 
CM CO I 00 





x: 










lO 


Hp* 






o 




f-H 

















o o olo 

On lO loo 



O lO lO 

QS NO CN 



o 

00 



o o o Olo 
1-H CN ^ CO 

^ ^ ^ |C0 



CO 



ggioio 



Cv| |\0 

Ico 



o 

CN ON 
CN CO CN 



8Q lO lOl O 
nD CN vol lO 
CO CO I 00 



o 

o^ 



lO 00 CM 
00 lO CM 



lo o^ ^ CN o I in 

sO lO C4 I ^ 

^ |C0 



^ CO lO|vO 

lo r-* 1-H lol ov 
CO CM ^ I 




o o o 
9 2 <=5 o 

CM UO ^ C 

o o o J 

UJ UJ 4^ 'rr CU 



9 S S <^ 

C O O ;j 

O lO O o 

CM lO 



2 

O 

CO 



V4 

O ? 
I 

o 




hJ f-H CN 



79 



49 



o 



00 



3 



^1 



o O col 
^ ^ I NO 



O O CO I CVJ 



O 0| CM 
lo ^ ho 



O O Ov 
^ ^ CO 



00 CO CO 
CN CN 



o o t 

00 NO ^ 



00 o ^ lo 

00 Tji cO 
CO CN 



|>o 


1^ lO 




ICS 




IS 


|oo 








l/> lO 1 


lO 


lO 


















IS 


2-1 











>o 



O lOliO 

i-H |i— I 



g 

y 

CO 



CO 
C/3 

< 

O 
a: 



(-1 <^ 3 



•8 

O 

O 

u 

cu 

o 

0^ 



3 



V4 

o 
o 
oo 

4-t 
CO 

CU 



CQ 



o 

00 



lO 



3 



^1 

o 



O CO I 



On CO 0| CN 



CN CO 



O CO I CN 

^ ^ I NO 



o o lo IcN 
^ ^ I CO 

vO CN la 



^ ^ CN 



o VO r^lo 

lO CO CO ICO 



CN vo 

X 
vO CN 



Cv| 

o 



o CN r^lvo 
tn ^ Ion 

»0 CN loo 



lO cvi 
in •nlr^ 



3 

CN 



io|cN 



o 



C CO 



CN 
SO 



00 CN nO 

lO 00 ^ 

CN 



CO 

s 



On 

CN ^ 
CN 



vO 
CN 



CO 

o 



'A 
U 

> 
a 



885 

^ CN 

c o S 

«T3 a 

•£ o 

« ^ rfi 



8 

a 
O 



a £ 



f- CN lO 

2 o o 

4-i 



lO 

c 

•= « 



(2 



CO 

o 

O 
x: 
o 

O 



I 

O 



V) 
CO 



o 
2 



o 

O 
Q> 

O 

u 
a 

c 

o 

Q> 
(0 
c« 
CQ 
« 



70 
'if 



u 

3 

o 

CO 



ERIC 



r 



89 



50 



CHAPTER 4 

SPACE REQUIREMENTS - CURRENT PERCEPTION OF NEED 

Space requirements for post- secondary students are expressed 
in terms of square feet per student, either for total space, or for 
each type of space provided in post-secondary institutions. Gen- 
erally, this ratio has as its denominator full-time-equivalent students. 
On Owoasion, full-time, or full-time day students are considered 
appropriate. 

Underlying each space requirement estimate are a number of 
assumptions about (1) the size of the student station, or the space 
required to accommodate an activity, a faculty member, etc., and 
(2) the utilization rates for the space, e.g., the per cent of stations 
in a room, or study spaces in a library. For assembly areas, 
theaters and gymnasiums, student unions, and similar space, there 
exists an undocumented consensus of what is necessary to sustain 
the ambiance of a given type of college campus. For leading 
universities, space requirements are complicated by the necessity 
to set aside space for specialized laboratories often used for 
organized research, and, if additional senior staff is hired to man 
research projects, for additional office space. 
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Information about Space Standards 
The space standards developed in this study were based on a 
study of existing space standards, either advocated by different 
authorities, or published by state planning agencies.^ A great help 
in reconciling and arriving at new subjective state standards 
presented here were interviews with a large number of space planners. 
We owe a special debt to Mr. William S. Fuller, of the New York 
State Education Department, Mr. Harlan Bareither, of the University 
of Illinois, and Mr. Donovan Smith, of the University of California at 
Berkeley. In addition, a large number of both university-based and 
state-based officials concerned with space spent a considerable 
time explaining the needs of colleges and universities. Although we 
are grateful to all of them, the responsibility for space standards 
derived in this chapter is solely ours, and does not necessarily reflect 
their opinions. 

Classification of Space 
Altliough different space planning authorities advocate minor 
variations in the manner post- secondary space ought to be reported, 
the space classification scheme published in the DHEW, USOE, Higher 
Education Facilities Classification and Inventory Procedures Manual 
is generally accepted. This classification is the result of a cooperative 

1 I'or space utilized, sec footnotes in Tables 4.1 and 4.3. 
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effort of many experts, including campus architects , planning 
consultants , and state officials charged with planning campus devrelop- 
ment. 

The manual uses these pruiCipal classifications in 
characterizing non-residential facilities in post-secondary institutions: 
classrooms, laboratories, offices, general use, special use, and 
support space. While each of these categories is further subdivided 
into sub-categories, for purposes of this study we have decided not 
to break down the space classifications into finer detail, except in 
one instance. Space used for organized research, i.e., non-class 
laboratories and their ancillary facilities, are treated separately in 
this study. 

The major categories are reported in this study as they have 
been recorded by the HEGIS space survey. The decision not to alter 
this srheme was made after perusing the literature on space planning, 
and talking to a number of space planners. We also decided that 
further sub- classification of space would serve little purpose 
because many respondents to the HEGIS must resort to an educated 
guess in order to assign space to a particular sub- category when 
filling out the questionnaires. We also found out that in many instances 
major categories of space had multiple uses, and their classification 
was moot. For instance, in a number of smaller schools, 
gymnasiums are used as assembly space, thus blurring the 
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distinction between special use and general use space. In some 
state schools, assenibly halls and theater, are used as classrooms 
for large sections of introductory courses. Since the distinctions 
among certain major categories of space are often more apparent 
than real, no useful analytical purpose would be served by gilding 
the lily and analyzing space by finer breaks , 

Classroom Space 

Although classroom space accounts for less than 10 per cent 
of the total non-residential space in most schools, it has received 
more than its share of attention in the discussion of space needs. 
One could be charitable and ascribe this emphasis to the concern 
placed on academic features of campus life, or cjmical and ascribe 
the attention to the ease with which standards can be formulated. 

There is fair agreement that a classroom student station is 
between 14 and 16 square feet. The average between these two 
figures, 15 square feet, has been used by many space planners. 
Generally, smaller institutions have reported larger student stations, 
probiibly because they build average-size rooms, have smaller 
classes, and provide for fewer students per room. A.'so some 
institutions with large graduate enrollments allow 20 to 24 square 
feet per station in seminar rooms. Even if no seminar rooms are 
provided, graduate students are bel.^ved to require more space per 
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student. This is sometimes ascribed to the need for a table in a 
seminar room, and at other times because rooms are of an average 
size and graduate sections are small. Some space planners told us 
that, as the. proportion of graduate students to total students increases 
in the future, it is likely that the size of graduate sections will increase, 
and graduate students will not require more space than undergraduates. 

Most master or aggregated plans for classrooms do not 
distinguish between classroom space requirements of graduates and 
undergraduates because these space differences are dwarfed by dif- 
fering practices in planning for space utilization. The amount of 
space needed depends upon (a) the number of hours classrooms are 
utilized, and (b) the per cent of stations in utilized classrooms which 
are occupied. As a general rule, target hours for classrooms are 
set at 30 - 36 hours. The occupancy is usually set at 55 to 65 per 
cent of available seats in the classrooms being utilized, 

Uecently the California legislature has set higher standards, 
66 hours a week, for classroom utilization. The station occupancy 
rate was set very much lower than usual, though, at 34 per cent, 
AcconJing to some authorities, this could be considered as the upper 
limit for utilization of classrooms. 

The ground rules for classroom space based upon hours of 
utilization and station occupancy fall short of describing a viable 
national standard for a number of reasons. The most obvious is that 
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one would expect basic differences in space utilization among 
different types of institutions. Thus, campuses with significant 
numbers of part-time students who attend courses after 5:00 PM have 
a significant opportunity to extend the usage of classrooms above the 
set standards. Institutions which cater predominantly to full-time 
students apparently cannot schedule classes at late hours or weekends 
without experiencing lower enrollments per class section compared to 
classes scheduled during the daylight hours, Monday through Friday, 

Our field trips have convinced us that no institution had 
classroom shortages in the evenings. Thus, it seems more reason- 
able to plan classroom availability for daytime students. A general 
rule of thumb, providing space for all full-time students, most of whom 
are day students, may be a better measure than planning classroom 
availability on a full-time-equivalent basis. 

Another factor which vitiates the usefulness of the class 
planning standards is the size of the campus. Generally, smaller 
campuses have more trouble scheduling large rooms than do campuses 
with larger enrollments. Some authorities have suggested excluding 
classrooms with more than 100 seats in calculating space standards 
for small campuses, others have suggested an allowance for smaller 
campuses. There is no standard for this reduction, but in practice 
smaller campuses do have rrorc space per student than larger campuses. 
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Thirdly, plans for classrooms are generally made on the 
assumption that either all student contact hours, or student contact 
hours other than those in laboratories, are held in classrooms. This 
is not the case. A number of studies have documented that between 
10 and 20 per cent of all student contact hours are held outside of 
either classrooms or laboratories. Auditoriums or chapels and 
gymnasiums have a large proportion of these classes. In campuses 
with significant agricultural programs, some classes are held out- 
doors. Schools with graduate programs conduct some classes in 
faculty offices and studios, and provide opportunities for self study. 

Lastly, the credit hours enrned in laboratories have to be 
subtracted from the credit or contact hours in classrooms. An 
analysis of usage rates of laboratories and classrooms in the Ohio 
and Indiana state systems prompted us to adopt an estimate of 
1.2 credit hours per FTE student taken in laboratories. 

Thus, the classroom space required per full-time student, on 
the realistic assumption that the full -time credit load is 15 credit hours, 
of which 12.3 hours are taken in classrooms, is (12.3 x 15 ft/sta) 
185 square feet. At 30 hours and 60 per cent occupancy, it is 
10.3 square feet, losing the California standard, the classrcom 
space to be provided is 8.2 square feet. The ratio of FTE i:o full-time 
students is roughly .85. Hence, a '^wer figure is consistent with a 




standard based on an FTE load. Some 10.0 square feet per full-time 
student, and somewhat less per FTE student, appears to be a reason- 
able, if not generous, standard (see Table 4.1). 

I^aboratorias 

Estimating classroom requirements is fairly straightforward, 
compared to the approximations which have to be made to come up 
with national estimates of required laboratory space. In the first 
place, different disciplines have different requirements for space 
per student station for laboratory space. Second, assignment 
practices of laboratory space vary discipline by discipline for 
students at different levels, and school by school. 

Surprisingly, there is no generally accepted grouping of 
disciplines to establish planning factors for the square feet required 
for laboratories. Jn some cases, sub-disciplines are lumped 
together; in others, consi lerable detail is available. Three typical 
listings, showing tlie amount of detail, are shown in Table 4.2. 

The variations of laboratory space by discipline cannot fail to 
convince one thai space requirements for a given school ca» (?ot be 
forecast accurately without considerable dctaileu knowledge oi 
course offerings, in most supporting materials accompanying master 
plans for new or expanded colleges, such projections are usually 
included. The accuracy of those forecasts, unfortunately, is open to 
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question because they are based on both the current demand for 
courses and majors and the ability of the faculty to meet this demand. 

During our interviews, space planners confirmed the suspicion 
that changes in job prospects for college students are affecting space 
utilization of laboratories. Space set aside for engineering and physics 
majors is under- utilized in some schools, and there are shortages of 
space in biology and computer laboratories. The difficulty of planning 
space demand for a given course was graphically illustrated during 
our visit to the Berkeley campus of the University of California. 
Demand for the elementary economics course jumped from 400 to 
1,000 from one quarter to the next. Only 600 were accommodated. 
On the same campus, shortages of biology lab space have resulted 
in waiting lists for the elementary biology course. 

The inability to increase the usage of laboratories is difficult 
for a casual observer to understand. Generally, laboratories are 
scheduled for 20 to 24 hours a week with 75 to 80 per cent projected 
occupancy. The low hourly utilization rates are a result of a variety 
of practices which result in limiting che usage of laboratories. Gen- 
erally the number of clock- hours is highest in laboratories used by 
imilcrgraduates. There, such practices as providing storage space 
for each user at each station sometimes limit the utilization. The 
practice of providing an individual station to each student limits tlie 
utilization rate even more. Special arrangemt i of this sort are 
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much more common as the students progress through school. Hence, 
the utilization declines for laboratories set aside for upper- level 
undergraduates and graduate students (see Table 4.3). 

In the case of graduate students, class clock-hours are not an 
adequate measure of laboratory usage because in a number of schools 
space is set aside for graduate students' research. At least one 
school, the University of California at La JoUa, affords this luxury 
to undergraduates . 

The variation of usage rates, mix of disciplines, etc., makes 
it extremely difficult to estimate needs. Table 4.3 shows the wide 
range of estimated requirements which were collected from various 
sources. These ranges can be compared to those derived from the 
following calculation: 



Average credit hours earned in 
laboratories 1,2 

Average clock hours to cam 

1.2 credits 2.4 

Assumed average station size 60 sq. ft. 

Utilization for 24 hours at 
80 per cent, requirement per 

stu<lent 7.5 sq. ft. 



This estimutc brackets fairly well the low and high estimates 
provided by some states (see Table 4.3). It should be noted, though, 
that the efficiency of lab spncc in producing credit hours is much lower 
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than that of classroom space. For instance, 0.7 square feet of 
classroom space produces one credit hour. By contrast, 6.2 square 
feet of lab space are required to produce the same credit hour in 
laboratories. Thus, laboratory space is only 0.11 times as 
"efficient" a producer of credit hours as classroom space. This is 
another way of validating the fact that schools with heavy science 
programs require much more space than the average. 

Study Space 

Study space, according to HEGIS definitions, contains space 
for the storage of books, the processing of library acquisitions, as 
well as student carrels, reading rooms, etc. The standards for 
book storage and processing are fairly straightforward. Most space 
planners suggest 0.085 to 0. 100 net available square foot per volume 
in the collection. These figures, we believe, alsc allow for additions 
to the collection for the next five years. 

There is less agreement on how much reading room and space 
should be provided. Some authorities would provide simultaneous 
seating for a fifth of the student body, others for one-third. The 
standards also vary by level of student, with more space reserved 
for upper-level undergraduates, and still more for graduate students. 
The average seems to be roughly 5.0 net available square feet per 
stuJent, allowing seats in the library for 25 per cent of all students. 
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it is usual to allow an additional 20 to 25 per cent of both 
stack and reading room space for processing acquisitions and for 
administration. 

Since a considerable fraction of the space requirements in 
this category depends upon the size of the collection, standards for 
space are best determined by taking the size of the collection into 
account. This has been done in Column 4 of Table 4,4, where 
estimates of volumes per FTE were adapted from yet -unpublished 
U.S.O.E. statistics on library holdings. U.S.O.E. statistics 
provided information on average library holdings in the 25th, 50th, 
and 75th percentile of instituti'^ns, thus making it possible to estimate 
the ranges in space needed for the collections. In addition, provisions 
were made for study space to accommodate simultaneously 25 per 
cent of l^TE student? and for administrative space taken as 25 per 
cent of the two categories above. Tiiblc 4 .4 summarizes the 
standards calculated for various types of schools. The ranges for 
institutions in the 25th and 75th percentiles are shown in the range 
column. 

The ctbove space requirements should be increased for a 
number of schools which locate newer methods of information 
rt'tricval in the library. The space requirements for microfilm 
machines or microfiche readers, estimated by space planners at 
50 to 60 square feet per station (including storage), do not add 
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considerably to space requirements. Generally, one machine per 
500 students is provided. By contrast, the space requirements for 
the audio collection, especially if both playback equipment and 
language- laboratory stations are located in the library, and for the 
imaginative plans in some schools of centralizing computer- assisted 
instruction in the library complex could add considerably more space 
to the standards. In at least one college plan, production facilities 
for audio and video tapes were also included in library planning. 
The transformation of the study center into a teaching-information - 
video center could conceivably increase space requirements by nearly 
10 per cent. The justification for this estimate is shown in Table 4.5. 

Office Space 

The standards for calculating office space per faculty member 
are fairly straightforward. Each faculty member is provided with a 
120-square- foot office. Generally, one secretary is provided per 
five full-time faculty members. Space for a secretary and the 
reception area ccounts for 150 square feet, i.e., some 30 additional 
square feet per faculty member. Give or take 10 per cent, these 
figures are universally accepted as standards. Here the agreement 
stops; some planners add some 10 square feet per professor for 
storage space; others also provide for 20 - 25 square feet of conference 
room space. As a general n le, though, between 160 and 200 net 
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available square feet prr full-time Instructional staff member appears 
to bracket requirements quite adequately. 

The requirements for additional space for part-time faculty 
and graduate students, some of them serving as part-time instructors, 
are less clearly articulated. Some authorities believe that 60 square 
feet of space per part-time instructor should be provided. Since 
generally a part-time instructor is one-third of a full-time menJjer, 
the full-time equivalent of faculty multiplied by full-time faculty space 
requirements will probably result in a good estimate of needed office 
facilities. 

In the case of graduate students, two approaches are used: 
(1) allowing for more study space in the library, say 10 square feet, 
i,c,, part of a carrel, or (2) providing for shared offices, some 30 
or 40 net availiible square feet per doctoral student. The practice of 
authorities varies by the orientation of t'leir school, witii schools with 
a major commitment to tiie doctorate degree, which de-emphasize 
intermediate degrees, providing more space. 

Even more complicated is tiie estimation of space requirements 
for administrators. There is a consensus that every president or 
chancellor of an institution (irrespective of the institution's size) 
deserves 2,000 square feet of space. Space allocations to professional 
administrators arc similar to tiiosc made to full-time faculty. 
Generally, though, they arc supported by larger numbers of clerical 
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and secretarial personnel, who can be accommodated in 60 square 
feet of space each. 

As a general rile, since professionals in the administration 
are either a minority or, at most, half of the staff, some 90 net 
available square feet per administrative staff person appears to be 
adequate. It comes out to roughly 180 square feet per adminis- 
trative professional. This is the median figure for teaching staff 
as well. Hence, 180 square feet, give or take 10 per cent, appears 
a reasonable standard of office space per FTE professional. 

Special Use Space 
Special use space, as defined in the U.S.O.E. manual, 
includes armories, athletic facilities, stadiums, audio-visual 
production facilities, on-site schools used for practice teaching, 
greenhouses, and patient testing and examination rooms, generally 
those limited to psychologists. 

There is very little possa)ility of establishing standards for 
so diverse a collection of space. Even in some of the more clear-cut 
uses of space, e.g., gymnasiums, standards may vary between 5 and 
10 net available square feet, depending upon the commitment of the 
college to the sports program (Space Guide , Office of c:ampus Planning 
and Development, The City Liniversity of New York, January 29, 1973). 
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In schools where football is important, even more space may be 
available. 

It is in this type of space that the rule, referred to by some 
space planners as the "one of each" rule, applies. Every school 
would like to have at least one gymnasium with an Olympic pool, 
etc. , etc. Reality often conspires to make do with less. Thus many 
schools, even those with the ROTC programs, combine the gymnasium 
and armory. Others manage to find unused space in dormitories to 
set up a radio- or small TV-transmission studio. What is considered 
adequate depends upon what is customary in other schools which are 
considered to fall within the "peer" group. Thus, for instance. New 
York City College guidelines for space are strongly influenced by 
standards set for New York state colleges, even though the city 
university is set in the midst of the largest metropolitan area in the 
country, and many state colleges are in non- metropolitan settings. 
Special use facilities in private colleges, if our impression is correct, 
are haphazardly planned. Much depends upon the whims of donors. 

There can be no hard and fast rules about how much space is 
required. In Table 4.6, we have shown, for different types and sizes 
of institutions, tlie average net available square feet per full-time- 
equivalent student and for those institutions where over-40 campuses 
were reported, the mean space, and the space in the second and third 
quartilc. 
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General Use Space 
Assembly facilities, theaters, exhibition halls, museums, 
restaurants, cafeterias, student unions, and bookstores are all 
included in general use space. Here again, the "one of each" syn- 
drome determines the space to be provided. Some schools make do 
with theaters (or chapels) for assembly areas, while the presence or 
absence of a museum or exhibition area depends upon the character 
of the school. 

Currently, small schools aspire to at least one theater, and 
large ones try to build two of them. Space requirements for these 
facilities are flexible, and depend, again, on the presence or absence 
of a performing arts program. 

Food catering facilities also depend on the character of the 
school. Residential schools, with food catering pan of the ciormi- 
tories, may wisli to provide for a larger proportion of the student 
body to be seated simultaneously, as compared to commuter schools. 
Generally, about 12 square feet are allowed per eating station in a 
cafeteria, and at least as much for food preparation and storage. A 
modest standard of, say, 20 - 25 per cent of all students, faculty, 
and staff to be provided with simultaneous seating could add 6 square 
fccr per l-TE to space requirements. The demand for institutional 
space facilities depends, of course, upon the availability of competing 
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food facilities in the neighborhood. These vary from location to 
location, and no general rules can be specified. 

In Table 4.6, we have shown available general use facilities 
in the "average" school, as well as the "average" in the quartile 
above and below the median. Either one of these standards could be 
used nationally. 

Medical Space 

Medical space, other than the one used for training medical 
or nursing students, is generally trivial. Consideration of medical 
space is not included here. A short discussion dealing with medical 
schools is included in the next chapter. 

Support Space 

Various shops and services, as well as heating and electric 
plant, are included under this category. Parking is also included in 
this category, and so is data processing. 

Most importantly, a number of schools, in reporting this 
space, have left this entry blank, so that standards derived from 
statistical averages for this category are not very relevant. 

Data processing and parking deserve special comment. Data 
processing facilities depend upon both the administrative and the 
research activities in a school. In some instar.ces, specialized 
equipment is included in research space. 
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The role of parking areas in space planning should not be 
underestimated, especially on commuter campuses. If parking is 
provided for 20 per cent of the students and faculty, the space required 
may amount to half as much as is provided for classrooms. Depending 
on location and climate, either covered or open-air parking may be 
provided. It is unclear if open-air parking facilities are even 
recorded in HEGIS. Some schools do not provide any parking, forcing 
students to park on the street. 

Some space planners, when faced with our query about 
reasonable allowance for support space, have opted for an allowance 
of 10 per cent of the total space. 

Total Non- Residential Space 
A number of authorities and individuals have estimated total 
non- residential space requirements for different types of institutions. 
The most often cited, and generally referred to as the Norris Standards, 
were derived by the Higher Education Construction Programs Study 
Group, led by Chalmers G. Norris. This group came up with the 
following targets per FTE: 



99 



ERIC 



NASF 



Public universities 



132 



Public other four- year schools 
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I^iblic two-year schools 



70 



Private universities 



150 



Private other four-yer : schools 



103 



Private two-year schools 



75 



These standards are considerably above the ones adopted by a 
number of state planning agencies. For instance, the State of Ohio 
sets a standard of 75 net assignable square feet for all schools, except 
Ohio State University, where the target is set at 90 net assignable square 
feet per full-time-equivalent student. New Jersey space planning 
standards fall within the same range, except that over 100 square feet 
per VTE are provided in engineering schools. In New York, the 
master plan provides for 94.6 net available square feet for community 
colleges, or roughly 80 square feet per full-time-equivalent student. 
As can be seen from the above, there is considerable variation about 
what may be considered adequate or desirable. 

The standards derived by this study from the opinions of state 
facility planners, summarized in Table 4.7, fall within these ranges. 
They arc generally lower than the Norris standards, and somewhat 
higher than the standards set by the states. Since we have tried to 
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reflect the consensus rather than extremes of opinion » these results 
are not surprising. The ranges of 90 - 120 net assignable square 
feet per PTE student for public and private universities are not 
strictly comparable to the Norris standards, since they (1) exclude 
the organized research space, which could add roughly 5.0 per cent 
to the total space requirements, and (2) ignore special requirements 
of medical, technological, and engineering schools, which are treated 
separately in our study. On the other hand, the estimates for four- 
year schools are roughly comparable to the Norris standards, and 
do not differ from them by more than five per cent. 

The standards derived in this study can perhaps best be used 
to estimate the incremental needs for space in the future. The 
average space required to house existing technical, medical, and 
other programs, as well as to provide for facilities for additional 
students, may possibly be somewhat more than the one indicated by 
the standards in Table 4.7. In some cases, as in private junior 
colleges, the reliance on current practice probably overestimates 
needed space. Many of these schools have been losing students and 
are space rich. 



ERIC 



101 



TABLE 4.1 



SELECTED STANDARDS FOR CLASSROOM SPACE 
IN COLLEGES AND LJNIVERSITIES 



Florida ^ 

State University 
System^ 

Community Colleges 
Less than 2.500 FTE 
2,500 or more FTE 

California ^ 

1966 
Recent 

CUNY^ 

Senior Colleges 
Community Colleges 

University Space Planning ^ 

Arkansas^ 

Colorado 

Kentucky 

Nebraska 

Texas 



Per Cent 

No. of Hours Occupancy Square Feet 
Utilization When in Use Per FTE^ 



36 



36 
36 



34 
66 



30 
30 

30 

30 

30 

31 

30 

30 



60 



55 
70 



66 
34 



89 
67 

60 

60 

67 

66 

65 

55 



8.5 



9.3 
7.3 



8.2 
8.2 



6.9 
9.2 

10.3 

10.3 

9.2 

9.0 

9.5 

11.2 



1 



Square feet per I^TE is based on an example of 12.8 credit hours 
in the classroom per F and 15 square foot per FTE. The 
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number of hours in the classroom may vary, and a new standard 
re-calculated according to the following formula: 

Weekly contact hours in classroom per PTE 

Square feet _ x square feet per station 

per PTE Hours per week x per cent occupancy per hour of use 

^Reported by State Board of Education, Tallahassee. 

These standards are used to estimate demand for space and capital 
budget outlays. They are not necessarily strictly applied to all 
construction projects once the funds are appropriated. 

3l966 Standards: Pranklin G. Matsler, Space Utilization Standards, 
California Public Higher Educat ion. A report to the Coordinating 
Council for Higher Education, Sacramento, 1966. Recent 
legislative action reported by State Legislative Committee on 
Facilities . 

^S pace Guides , Office of Campus Planning and Development, Department 
of Space Planning and Management, City University of New York, 1973. 

SHarlan D. Bareither and Jerry L. Schillinger, University Space 
Planning , Urbana: University of Illinois Press, 1908. 

^State standards reported in Planning Standards, Inventory and 
Ut ilization Data for Higher Education Fa ilities in Twenty-Seven 
States , Bureau of Higher Education, Facilities Comprehensive 
Planning, State Education Department, Albany, New York, 1970. 
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TABLE 4.3 



LABORATORY SPACE STANDARDS FOR 
SELECTED INSTITUTIONS AND STATES 



Square Feet 
per PTE 



Staton Island Community College* 22.88 

Ne.v York State University Centers^ 17.80 

Florida Community Colleges^ 

Non-Occupational, less than 2,500 13.10 

Non -Occupational, more than 2. , 500 1 1 . 46 

Occ upational/Techn ical 34 . 07 



Square Feet per FTE 





nigh4 


Low* 


Arkansas^ 


7.51 




California 


22.56 


3.36 


Colorado 


14.02 


7.06 


[Delaware 


10.80 


7.20 


Illinois 


26.40 


3.74 


Kentucky 


7.70 


4.94 


Montana 


27.65 


5.26 


Oklahoma 


18.00 


6.00 


South Carolina 


24.00 


4.80 


Texas 


11.52 


5.76 



^ Staten Island Community College Master Plan, 1975 , Appendix to 
the Master Flan Report, City University of New York, 1971. 

^Reported by State. 

•^Reported by State Board of Education, Tallahassee. These standards 
arc used to estimate demand for space and capital budget outlays. 
They are not necessarily strictly applied to all construction 
projects once the funds are appropriated. 
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TABLE 4.3 (Cont'd) 



'^Square feet per I^TE is based on a case of 2.4 clock hours in the lab 
per FTE. The number of hours in the lab nnay vary and a new 
standard be re- calculated according to the following formula: 



Weekly contact hours ia lab per FTE 

Square feet x square feet per station 

per FTE Hours per week x per cent occupancy per hour of use 

^State standards reported in Planning Standards, Inventory andl 
I Utilization f )ata for Higher Education Facilities in Twenty-Seven 
States , Bureau of Higher Education, Facilities Comprehensive 
Planning, State Education Department, Albany, New York, 1970. 
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TABLE 4.5 

ESTIMATED SPACE REQUIREMENTS FOR INSTRUCTIONAL 
RESOURCES CENTER, STATEN ISLAND 
COMMUNITY COLLEGES 



Net Square Feet 



Instructional Resources Center 13,560 

Less: Space included in library 8,620 

Additional space required 4,940 

Library 54,175 

Additional space as per cent of 

library space 9,1% 



Source: Staten Island Community College Master Plan, 1975 , 
Appendix to Master Plan Report, City College of New 
York. 
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CHAPTER 5 

A COMPARISON OF SPACE TO SPACE STANDARDS 

The conventional use of space standards derived by consensus 
is to compare them to the amount of space actually available in 
different types of institutions* and to conclude from the comparison 
whether space shortages or surpluses do exist. This chapter, at 
the very outset, describes such a conventional comparison, with the 
additional refinement of comparing average available space not only 
by type and control of institution, as was done in previous studies, 
but also by grouping institutions by size for a given type and control. 
As will be explained below, to add precision to this study, additional 
types of institutions, those with special programs, have been isolated 
to make the analysis more meaningful. 

This analysis is followed by a more detailed examination of 
space available to schools within a given type, control, and size 
category, when schools were grouped into quartiles after being ranked 
on total non- residential space. These data help pinpoint possible 
shortages of space in categories where the average space available 
appears adequate because some institutions or campuses have much 
more space than the standards, and others nave much less. We 



believe that this breakdown of institutional space gives better 
insights into the adequacy of space than the conventional analysis. 

L istly, we report on an attempt to trace the incremental 
differences among different types of space, as total non-residential 
space in different institutions, classified by type, control, and size» 
in institutions with different amounts of space. The purpose of this 
analysis was to find consistent patterns of space acquisition by insti- 
tutions , as the total availability of space increases for a given type 
of institution. 

The conclusions of this chapter are only moderately helpful 
to the policy planners. For instance, there did not appear to be a 
general shortage of space, if the fairly modest space standards estab- 
lished in Chapter 4 are compared to space availability. By contrast, 
some 15 to 25 per cent of institutions did have shortages of space in 
some category for which firm standards could be established. 

The acquisition of additional space, by type, did not follow a 
clearly consistent pattern. Two hypotheses may be advanced to 
explain this variation: (1) the needs of different institutions are so 
different that no generalization is possii)le, and (2) institutions which 
are space-poor and those which arc space- rich expand their instruc- 
tional space for different reasons, the former to accommodate 
students, the latter to expand programs. The ones which are neither 
too space-poor nor too space-rich, on the other hand, put a much highe 
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priority upon expansion of non- instructional space, generally to 
round off the amenities on their campuses. 

Despite the fact that this chapter does not present unassailable 
findings about how much space is required or available, it does con- 
tribute to the understanding of how space is distributed. The analysis 
of distribution of space by quartile, and the high standard deviations 
which are associated with it, indicates that a variety of arrangements 
are possible to deliver post -secondary education to different mixes of 
students . 

Classification of Schools 

The analysis below is based upon schools which reported 
facilities in the IIEGIS V (1970-71). The information contained in 
that survey is on a campus-by-campus basis. Thus, a given univer- 
sity system, either of a gi/en state or locality, may report more than 
one campus in this survey, l^or instance, the University of Maine 
operates a campus where graduate studies are offered, as well as a 
scries of four-year and two-year campuses. Each one of these 
campuses is treated separately in the analysis below. 

Campuses have been subdivided into the following categories: 

(1) Junior colleges 

(2) I* our- year schools 

(3) Universities and schools offering doctoral degrees 



ERIC 



94 

(4) Medical* dental, pharmaceutical, or osteopathic 
schools 

(5) Universities with medical schools on the same campus 

(6) Special technical schools 

(7) Agricultural 

(8) Arts, and arts and crafts schools 

Excluded from the analysis were schools of divinity, U.S. 
government service schools, and a few schools (mostly those with 
small enrollments) with questionable data. 

Each of these categories of schools was further subdivided by 
control and, whenever the number of institutions was large enough to 
warrant it, by size group. 

A Comparison of Inventories of Facilities with Planners* Standards 

It is possible to visualize a number of alternative ways of 
comparing inventories of space available as of 1970-71 with the 
planners' standards. The most straightforward is to compare each 
type of space to the available standards for a given group of institutions, 
either subdivided by size group or for all institutions of a given type. 
This procedure has been followed traditionally to estimate possible 
space shortages or excesses. 

This method has a large number of shortcomings, not the least 
of which is to mask shortages in certain institutions, because campuses 
with little space are aggregated with campuses which may have space 



ERIC 



12S 



over and above the standards believed to be adequate. This chapter, 
after comparing averages by type of campus (and size), further breaks 
down availability of space by quartile within each type of campus, with 
campuses being ranked from low to high by the availability of a given 
type of space. This analysis makes it possible to highlight the 
campuses with shortages or surpluses of space. 

Aggregate Comparisons of Space and Inventories 
The aggregate comparisons of space standards with the space 
available show few shortages by type or size of institution, especially 
for those categories of space where very specific space standards have 
been established, i.e., classrooms, laboratories, and office space. 
In the aggregate, there appear to be some shortages of space in 
libraries. If special use, general use, and support space are aggre- 
gated, the rule of thumb suggested by a number of space planners- - 
that this type of space should amount to some 35 - 40 per cent of the 
total non- residential space- -indicates that few shortages, in the 
aggregate, exist in these categories either. It should be noted that 
standards In Chapter 4 do not obey this rule and are somewhat more 
generous (see Table 5.1). 

Classroom Space . Once the classroom space is adjusted by 
the relationship of part-time to full-time students, the space standard 
which was expressed as 10.0 square feet per full-time student now 
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varies between 7.6 square feet in junior colleges, with a high 
proportion of part-time students, to 9,1 square feet in private four- 
year schools, where 90 per cent of the students are full-time. On 
the average, there are no shortages of classroom space in any of the 
institutions, with only large public four-year schools close to the 
lower limit. 

Laboratory Space . In the case of laboratory space, where 
adjusted standards per FTE vary from V.l to 13.6 square feet of 
space, there appear to be some shortages in private junior colleges 
and the three largest universities. In this latter case, the shortages 
may be more apparent than real, because two out of three schools 
have large part-time programs which are not reflected in the standards 
which assume the same proportion of part-time students in all schools 
in a given category, and which may overstate the need in these three 
universities. 

Classroom and Laboratory Space . Since the demand for 
classroom and laboratory space is a joint demv^nd, and depends upon 
programs which arc offered in a given school, it may even be more 
reasonable to compare the total space available for both purposes in 
relation to the standards . Since we have estimated that laboratory 
space is only 0.11 times as efficient as classroom space in producing a 
standard credit hour, it would be sensible to adjust these two to a 
common standard. This has been done in Table 5.2. 
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Again, on the average, when these two types of space are 
aggregated, there appear to be no shortages of space. 

Office Space . The situation is more complex with respect to 
standards based upon full-time-equivalent students. In the case of 
office space, some schools fall below the standard. The shortages 
appear most pronounced in junior colleges. This was to be expected, 
since traditionally less space was allocated to both junior college 
administrators and teachers. Many of them had lower expectations 
with respect to office facilities, having previously taught in high 
schools, where faculty offices are minimal. Our site visits have 
indicated that expectations for office space are escalating, and that 
faculties in junior colleges are demanding, and getting, more 
generous office space allocations. 

In other categories, the findings about space are more 
equivocal. In this section, the estimates of space are based on 
average staff /student ratios, and one would expect less space in some 
larger schools. Nevertheless, it is safe to conclude that public 
colleges have less space than is warranted by t ie standards. The 
case for shortages of office space is less convincing, even with 
these rough figures for oilier schools. Further analysis, ba&ed on 
more precise data below, will adduce more convincing evidence. 
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Study Space . While there appeared to be no critical shortages 
in any of the preceding categories, even aggregiite statistics indicate 
shortages of study space in most institutions, except the very 
smallest ones. Percentage- wise, the largest shortfalls of space 
required to accommodate the average coUeaion of books and provide 
the necessary space for students occurs in junior colleges. Only 
very small junior colleges appear to have sufficient or excess space. 
Less serious, but equally sharp shortages, when compared to the 
standard, are evident in public four-year institutions and public 
universities. Since the standards were derived on the basis of the 
average number of volumes in the collections of various types of 
institutions, even if one were to ignore variations in the number of 
volumes per full -time- equivalent student, it is obvious that study 
space for students in libraries is less than most experts consider 
adequate. 

Special Use Space . The conclusions about special use space 
are less easy to draw. Table 5.1 shows that there is less special use 
space per full-time -equivalent student in larger schools, as compared 
to smaller schools. These amenities are least generously provided 
in two-year schools, as compared to other schools. Generally, 
public universities, probably because of their commitment to football, 
arc most generously endowed with this space. So are smaller 
private universities, 
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General Use Space . Most smaller schools have their full quota 
of general use space. Larger schools have less. It is not possible to 
determine from aggregative figures whether we are seeing an example 
of economies of scale or just different building patterns. 

Support Space . A perusal of forms » institution by institution, 
reveals that this space is reported most inaccurately. Many institu- 
tions report this space togetiier with other space. Given the standards 
derived from schools which have supplied the reports, and space 
available in schools which have provided statistics on support space, 
one can conclude either that economies of scale operate, or that 
large schools arc somewhat shorter of support space than smaller 
ones. 

Analysis of Available Space Based on Rankings by 
Total Non- Residential Space 

A refrain which should have accompanied the analysis of 

space, category by category, is that the conclusions are tentative, 

since much space is interchangeable, and the demand for space in a 

given institution is affected by the character of its program. We will 

defer measures of the character of the program on the demand for 

space until the next chapter. In the section below, we shall analyze 

the distribution of space within types of institutions, with institutions 

grouped into four categories after they were ranked by availability of 

total non- residential space. 

o 
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After prolonged conversations with both state and individual 
campus planners, we became aware of a dichotomy between theory 
and practice in campus planning. It is not at all clear whether space 
should be planned per full-time or full-time-equivalent student, or 
ideally on the basis of full-time- equivalent day students, a statistic 
not collected nationally. Peak demands for campus facilities occur 
during the day, and a fairly accurate way of arriving at an estimate 
of full-time-equivalent daytime students is to use the figure of total 
full-time students. lience, it appeared reasonable to present an 
analysis of available space in terms of full-time students as an 
approximation of one way of computing space. We became increasingly 
aware that, in some states, planning factors for public institutions 
were based on full-time-equivalent students, and that much of the 
available space was provided to accommodate PTE attendance figures. 

An attempt to determine what actually happens in campus 
planning through statistical analysis did not turn out to be enlightening. 
V'? compared the standard deviations of different types of space on 
campuses ranked by total non- residential space by size of school 
within type, with space averages computed on the basis of full-time 
or full- time-equivalent students. The standard deviations of both 
total non -residential space and different categories of space did not 
differ significantly from each other in the case when the available 
space was calculated per full-time student, or if it was computed per 
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full-time-equivalent student. In most cases, the standard 
deviations for individual tjrpes of space within a quartile 
were half the size of the mean, thus indicating a wide vari- 
ety of space arrangements in different schools. (See Appen- 
di:r Table 5.4) 

A comparison of each individual type of space in 
institutions which have the same amount of space per student 
shows the wide range of space preferences among these in- 
stitutions. For instance, one institution will have two or 
three times as much classroom space as another institution 
witii the same amount ot total space per student. These 
variations could be due to historical accident, differences 
in program emphasis or donor whims. It is also possible 
that these differences are more apparent than real since 
different types of space may be interchangeable. We do 
not take a position on this issue and analyze space under 
either assumption. 

Ra nge of Space Available by Qu.«rtile of Institution. 
Ranges of space between the least -well -endowed quartile of 
a given type, control, and size of insr::ution and the one 
most richly endowed witl. space vary between 20 and 200 
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per cent for classroom space between the average institutions, 
and more widely for institutions with specialized purposes. In 
the case of laboratory space, the variations are even wider, with 
some of the average institutions having 3.5 times as much space as 
others. Some specialty schools had even wider ranges. These ranges 
arc documented in Table 5. 3. 

If this table proves anything, it is that institutions can 
get along with a wide range of space availability. 

Range of Space by Size of Institution . It has been seen that, on 
the average, the larger the size of the institution, the less available 
space there is per full-time or full-time-equivalent student. We 
bslieved this proposition as firmly as the majority of authorities in 
the field of space planning; when we started this study. 

This belief that larger institutions need less space than 
smaller ones is considerably weakened by our analysis. Two facts 
contributed to this conclusion: (1) the space available in institutions 
in botlithe first and second quartiles did not differ significantly or 
sysLcmiiMcally from one size group to another (sec Appendix Tables 
5.1 to 5.3); and (2) within tiie fairly wide size ranges encompassed 
within each quartilc of institutions, giouped by type and control, 
there was little variation between tlie average enrollment of space- 
poor and space- rich institutions. 




These findings contradici observations by space planners. 
For instance, one authority believes that large classrooms and 
auditoriums, necessary to accommodate introductory courses, are 
more difficult to schedule efficiently in schools with low enrollments, 
as contrasted to schools with more students. Also, in the space plan- 
ning guide of the City University of New York, some allowance was 
made for additional non-academic facilities above average standards 
for small schools. This allowance makes sense, if these schools 
are to be provided with "one of each facility." For instance, a single 
swimming pool is sufficient for a wide range of student enrollments. 
Other athletic facilities also do not come in easily divisible quantities. 

On the other hand, it can be argued that schools with 
small enrollments do not require the full range of non-academic 
facilities, and that multiple uses of space, especially for athletic 
faciliLies, can be attained with better planning and more adventurous 
use of modem technology. Some educators have argued that the 
advantages of small schools over large ones can offset the relative 
dearth of facilities. To this argument can be added the voice of 
economists, \\no have observed that the amount of fixed capital per 
unit of production should be equalized in an efficient society. 

l'*or the time being, in the following discussion we have 
ignored differences in size, as they affect space utilization. They 
will be re- introduced at a later time, when future space requirements 
will be discussed. . » 
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Analysis by Type, Control, and Size of School Ranked 

on Space Availability 

The analysis which follows is more policy-relevant compared 
to the one based on average space by school. While average data 
provides an over -all impression of the adequacy of the space 
available, it fails to highlight shortages of space on certain campuses 
by averaging available space in space-poor with space- rich campuses. 
A somewhat better idea of the shortages and surpluses of space can 
be derived by looking at sub-groups of campuses, when the space- 
poor campuses are grouped together, and those with a lot of space 
are also grouped together. In effect, each size group for each type 
of school (two-year, four-year, and those offering doctorates), by 
control, was divided into four groups after the schools were ranked 
in ascending order of total space. For each group with at least 
40 schools (10 per quartiie), various statistics were computed, and 
are described below. 

Total Space . While the modest space standards developed in 
Chapter 4 failed to highlight space shortages in most classes of 
schools, with the exception of larger public four-year schools and 
junior colleges, the distribution of schools ranked by quartiie on 
total space shows that a considerable number of schools are not up 
to Chapter 4's standards. Thus, all schools in the lower quartiie of 
their distribution make do with less space than the standards would 
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postulate. In the larger public junior colleges, the facilities shortages 
extend to the second and sometimes the third quartile of the larger 
schools. 

The discussion of space below will give an inkling about 
the way schools adjust to shortages of space. Thus, for instance, 
while practically every school in the lower quartile was short of 
space when total non-residential space standards were considered, 
most of them had sufficient space for classroom instruction, and 
skimped on other space. 

Classroom Space . We shall start our discussion with an 
analysis of classroom space. For instance, in the smaller public 
junior colleges, those with less than 1,000 students, schools in the 
lowest quartile have roughly half the space as those in the top quartile. 
In other size groups, the ratio of space between schools in the low 
and high quartiles are between three and four to one. Thus, 
while aggregated data indicated no shortages of classroom space in 
junior colleges, the disaggregated data below would indicate that all 
junior colleges with enrollments over 2.5 thousand in the two lowest 
quartiles were somewhat short of classroom space. Surprisingly, it 
is quite likely that private universities with 10 to 20 thousand enroll- 
ment in the lowest quartile were also tight on classroom space, 
although not as tight as some junior colleges. Other schools appeared 
to be fairly well provided with classrooms. 

o 
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l^aboratory Space . In the case of laboratory space, less than 
the standard space required for the average program was either 
causing overcrowding or limiting the scope of the program. Private 
junior colleges generally have fewer science-oriented programs, and 
most of them have fewer labs than would be required in an "average" 
program. Public and private four-year colleges in the lowest quartile 
of space available also appear to be short of laboratory space. 
Strangely enough, so are the lowest quartile of public and private 
universities . Thus it could be concluded that shortages of space 
precluded heavy science-oriented programs . 

Laboratory and Classroom Space Combined . It is, of course, 
quite possible that schools with less classroom space have more 
laboratory space, to compensate for a larger proportion of classes 
given in laboratories or vice versa. A combination of laboratory and 
classroom space* based on averages per PTE by quartile, indicate 
that some such compensation did occur. A more precise assessment 
of space, calculated on the basis of full-time students, indicates that 
shortages defined as fewer than 20 net square feet of assignable class- 
room and laboratory space per full-time student exist only in large 
public and private two-year schools. 

Office Space . The situation with respect to office space 
highlights that roughly half of the schools have sufficient space, and 
half do not. While office space, on the average, is sufficient, it is 
certainly not distributed evenly between schools . 
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Study Space . Shortages of study space are considerably more 
pronounced. No large public two-year college appears to have 
sufficient study space, and neither do three-fourths of the smaller 
ones • Conditions similar to those in s mailer j unior colleges prevail in 
public and private four-year schools and public universities. About 
half of the plant in public universities is sufficient to provide for 
average facilities. Given that the standards have been derived on 
the basis of an average collection, it would appear that roughly 
25 per cent of all schools with below-average collections have less 
than adequate space. 

Special l^se, General Use, and Support Space , Since so much 
of the special use and general use space is interchangeable, a 
separate analysis will not be attempted here. Those interested in the 
details of the distribution of this type of space are referred to the Appendix. 
Aperusal of the Appendix tables will indicate that the variety of availa- 
bility of space is great. So much depends on the amenities which the 
school wishes to provide that generalizations are difficult. The 
great variety in the practices explains why space planners have been 
reluctant to set standards for this type of space. 

Table 5.4 details the findings with respect to classroom, 
laboratory, office, study, and total non- residential space. Shortages 
or the absence of shortages were defined as follows: (1) if the quartile 
mean less one standard deviation was still equal to the space standard. 
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no shortage was noted in the table; (2) if the quartile mean less one 
standard deviation was less than the space standard, the entry reads, 
"some shortage;" (3) if the standard is greater than the mean and at 
least half of the schools were below the standard the entry reads » 
"shortage^" and (4) if the quartile mean plus three standard deviations 
is still below the standard, a "severe shortage" was diagnosed. 

A comparison of the different entries in the table 
indicates that shortages were most pronounced in office and study 
space. Most schools were in much less dire straits with respect to 
classroom and laboratory space than their general condition with 
respect to total space would lead one to believe. 

Incremental Increases of Space by Type , 
Control, and Size of College 

The large variations of space by type which were highlighted in 
the analysis of different types of space, as well as in the analysis of 
the distribution of space in the exercise when schools were ranked by 
total non- residential space available, raised grave doubts about 
either the rationality of construction policies of different schools or 
the possibility of comparing space allocation, even between similar 
types of schools. Another attempt to uncover a pattern on decision- 
making in the acquisition of additional space was tried. The ratio ot 
a given type of non- residential space to the total increment of non- 
residential space was calculated, comparing quartile 1 to quartile 2, 
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quartile 2 to quartile 3, and quartile 3 to quartile 4 for a given type, 
control, and size of school. For instance, private universities in 
the second quartile had 51 square feet more non-residential space per 
full-time student than those in the first quartile. Roughly 23 per 
cent of that space was accounted for by class and lab space, 27 per 
cent by office space, IC per cent by study space, and 40 per cent by 
other space. The patterns are shown in Appendix Table 5.6. 

Regretfully, no clear-cut pattern can be found through those 
tables. Institutions add space in a different manner. Strangely 
enough, in most institutions, the patterns of space addition from the 
first to second and third to fourth quartiles are fairly similar, and 
those from the second to the third quartile are somewhat different 
from the other two. Hence, it is not possible to calculate the 
marginal propensity to add space under most conceivable circumstances. 

Two complementary h3rpotheses may be advanced: (1) Schools 
add space over and above the minimum either to round off their 
campuses or to build facilities which did not exist before. The 
priorities by type of space are by no means clear-cut. These 
priorities are different for different kinds of schools. Schools with 
more space may decide that their program already meets the demands 
of their constituency, and tliat the first priority lies in the building of 
assembly halls, theaters, and libraries. (2) Once minimum needs are 
met, an over-all expansion of facilities across the board is undertaken. 

ill 
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These hypotheses have important implications for a national 
construction policy. If the needs for individual schools cannot be 
evaluated, the federal authorities may wish to take the position to 
insure that space available meets certain minimum standards and that 
specialized needs be financed either by non- federal authority or by 
agencies trying to encourage certain specific activities by institutions 
in certain chosen locations. 

Residential Space 
Residential space plays an important role in the stock of 
space owned by post -secondary institutions. In the Fall of 1971, for 
instance, residential space accounted for roughly 30 per cent of 
assignable space of all institutions. Unfortunately, the analysis of 
this type of space need cannot be too detailed. Space standards of 
adequate space for single and married students liave been documented 
by various authorities, and they do not need to be repeated here. 
These space standards do not give any guidance as to how much space 
is required or desirable, either for any given sets of institutions, or 
for an institution itself. Institutions have varying policies with 
1 gard to dormitory and other residential space, with public two- 
year schools providing the least space per student, and private two- 
and four-year schools providing the most. There are also important 
variations in space provided per enrolled student, depending upon the 
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location of the campus. Central city campuses are least well 
provided with residential space, campuses in other metropolitan 
locations arc somewtiat better served, and those in non- metropolitan 
areas have the most space per student enrolled (see Table 5.5) 

While these figures illustrate the distribution of residential 
space during the recent past, they are not extremely helpful in 
forc^telling how much space will be required in the future. In 1957, 
for instance, there were some 78 million assignable square feet of 
residential space. In other words, there were 25 square feet of 
residential space per student. By 1968, there were 282 million net 
assignable square feet per total students, or 37.5 square feet per 
student. By 1.'71, the total was 368 million square feet, or 41 square 
feet for every student enrolled. 

During the intervening period, enrollment patterns had 
changed considerably. A larger proportion of students was enrolled 
in two-year schools and public institutions. Since we are extremely 
badly served by data on past patterns of enrollments, only the 
crudest comparison can be made of the effect of these shifts (see 
Table 5.6). This table shows the index of space available per 
enrolled student, using Fall 1^71 as 100 in the first column. Another 
index of space availability has been calculated by taking into account 
the space per enrolled student in 1971 and enrollments in 1957 and 
196H. The ratio of the expected space available in those years was 
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then divided by the actual space to produce another index which 
reflects shifts in enrollment. 

The new weighted index, which does not take into account the 
lessened propensity of graduate students, low-income students, and 
other groups recently attracted to our universities to live in institu- 
tional settings, shows that residential space is much more generously 
provided now than, say, fifteen or even four years ago. 

There are strong indications that a general overall 
equilibrium has been reached in the supply of residential space. 
While vacancies were few in the middle 1960* s, the occupancy rate 
in the late 1960*s and early 1970*s dropped to some 95 per cent. As 
of 1972, there were indications that occupancy rates (at least in 
larger institutions in the Northeast) had picked up, and "no vacancy" 
signs were up again. In the Western and some Southwestern states, 
there will still reports of underutilization of dormitories. 

The changing mores of students have been blamed for the 
plateauing of demand for dormitory spaces. Despite relaxation of 
parietal rules in the late 1960*s, the stampede for dormitory rooms 
did not occur, and the explanation must be sought elsewhere. 

Despite the fact that at least 90 per cent of all dormitories 
has been built in the past 30 years, and 75 per cent in the past 
15 yea»- ; alone, many residential facility buildings offer Spartan 
space in unattractive surroundings. Builders failed to take into 
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account the increase in the general standard of living in the United 
States and the concomitant improvement in non- institutional housing 
standards. Dark corridors, shared bathrooms, and box- like rooms 
did nothing to endear institutional residential housing to students. 

The crisis in residential occupancy was also precipitated by 
the unfavorable relationship of prices for residential accommodations 
compared to average rental prices in the United States . During the 
mid -1 960' s, prices charged by institutions rose faster than average 
prices for rental units. Hence, it became harder and harder to fill 
dormitories . 

In the recent past, as the rate of new, expensive dormitories 
coming on line slowed down, price increases by schools moderated 
as well, and there are indications that dorms are filling up again. 
If institutions price their dormitories at levels which are competitive 
with other alternatives, there is little reason to believe that another 
15 to 25 per cent increase in enrollment cannot be accommodated 
with present dormitory facilities. 

There may, perhaps, be regional or campus -by -campus 
shortages. Also, schools may wish to build subsidized housing to 
attract students from other schools of equal quality. On the whole, 
though, dormitory shortages are not likely to put a crimp on 
enrollment growth, if such growth does materialize. 
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TABLE 5.1 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE. CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Class Space, Square Feet per FTE 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Public Universities Over 20,000 22 9.40 

(Standard: 9.0) (1.97) 

10.000 to 20,000 58 10.55 

(2.58) 

Less than 10,000 49 13.55 

(5.24) 

Private Universities Over 20,000 3 8.94 

(Standard: 8.7) (3.50) 

10,000 to 20,000 10 14.65 

(3.14) 

Less than 10,000 68 9.62 

(1.17) 

Public Four- Year Schools Over 10,000 20 8.62 

(Standard: 8.8) (2.81) 

5,000 to 10,000 72 11.19 

(3.97) 

2,500 to 5,000 94 14.26 

(6.78) 

Loss than 2,500 122 20.16 



(12.81) 



o 

ERIC 



145 

III 



115 



TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACIf.ITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Class Space, Square Feet per PTE (Cont'd) 



Private Four- Year Schools 
(Standard: 9.1) 



FTE Enrollment 
Category 

Over 5,000 



2,500 to 5,000 



l,OCOto 2,500 



Less than 1,000 



Number of 
Institutions 

7 

46 
282 
515 



Mean 
(Standard 
Deviation) 

12.73 
(3.76) 

14.62 
(4.58) 

21.16 
(9.30) 

30.82 
(22. 6x) 



Public Two- Year Schools Over 5,000 
(Standard: 7.6) 

2,500 to 5,000 



1,000 to 2,500 



Less than 1,000 



55 



113 



218 



304 



8.67 
(5.98) 

9.71 
(4.34) 

13.42 
(7.43) 

28.91 
(68.85) 



Private Two- Year Schools 1,000 to 2,500 12 14.65 

(Standard: ^).3) (5.20) 

Less than 1,000 194 38.36 

(37.63) 
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TABLE 5.1 (Con*-*J) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V. 1970-71 

Lab* Space, Square Feet per FTE 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Public Universities Over 20,000 22 14.40 

(Standard: 6.7) (4.73) 

10,000 to 20,000 58 16.11 

(6.06) 

Less than 10, 000 49 19 . 64 

(5.24) 

Private Universities Ove.: 20, 000 3 9 . 59 

(Standard: 6.5) (4.11) 

10,000 to 20,000 10 13.39 

(5.27) 

Less than 10, 000 66 17.41 

(10.52) 

Public Four- Yea'^ Schools Over 10,000 20 12.30 

(Standard: 6.6) {3. Si) 

5,000 to 10,000 72 13.31 

(5.70) 

2,500 to 5,000 94 14.78 

(6.85) 

Less than 2,500 116 19.91 



(14.30) 

* Excluding labs used for research only. 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 \ 

Lab* Space, Square Feet per FTE (Cont'd) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 

Private Four- Year Schools Over 5,000 7 8.67 

(Stai^dard: 6.8) (3.94) 

2,500 to 5,000 45 14.01 

(8.38) 

1,000 to 2,500 280 20.11 

(11.14) 

Less than 1,000 480 24.72 

(17.50) 



Public Two- Year Schools Over 5,000 55 13.90 

(Standard: 5.7) (7.15) 

2,500 to 5,000 113 14.82 

(8.97) 

1,000 to 2,500 217 18.42 

(12.40) 

Less than 1,000 298 27.92 

(28.81) 



'Tivate Two- Year Schools 1,000 to 2,500 12 8.63 

(Standard: 7.0) (5.26) 

Less than 1,000 194 38.36 

(37.63) 



♦ Excluding labs used for research only. 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE. CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Class and Lab* Space, Square Feet per FTE 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Public Universities Over 20,000 22 23.80 

(Standard: 15.7) (5.59) 

10,000 to 20,000 58 26.66 

(7.19) 

Less than 10,000 49 33.18 

(12.89) 

Private Universities Over 20,00) 3 18.53 

(Standard: 15.2) (6.74) 

10,000 to 20,000 10 28.04 

(7.29) 

Less than 10,000 68 36.22 

(14.68) 

Public Four- Year Schools Over 10,000 20 20.92 

(Standard: 15.4) (4.64) 

5,000 to 10,000 72 24.50 

(8.02) 

2,500 to 5,000 94 29.04 

(10.90) 

Less than 2,500 122 39.10 



(2::. 62) 

♦ Excluding labs used for research only. 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Class and Lab* Space, Square Feet per FTE (Cont'd) 



Private Four- Year Schools 
(Standard: 15.9) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Over 5,000 



21.40 
(6.28) 



2,500 to 5,000 



46 



28.32 
(11.87) 



1,000 to 2,500 



282 



41.13 
(17.33) 



Less than 1,000 



516 



53.76 
(31.17) 



Public Two- Year Schools 
(Standard: 13.3) 



Over 5,000 



55 



22.58 
(10.61) 



2,500 to 5,000 



113 



24.53 
(11.59) 



1,000 to 2,500 



218 



31.75 
(16.35) 



Less than 1 , 000 



304 



56.28 
(88.98) 
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Private Two- Year Schools 1,000 to 2,500 12 23.28 

(Standard: 16.3) (9.39) 

Less than 1,000 194 59.36 

(51.39) 

* Excluding labs used for research only. 
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TABLE 5,1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V. 1970-71 

Office Space, Square Feet per FTE 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Public Universities Over 20,000 22 28.74 

(Standard: 18.0) (10.37) 

10.000 to 20,000 58 24.03 

(7.99) 

Less than 10,000 49 26.37 

(14.47) 

Private Universities Over 20,000 3 17.76 

(Standard: 24.0) (5.68) 

10,000 to 20,000 10 36.21 

(18.44) 

Less than 10,000 69 36.13 

(26.84) 

Public Four- Year Schools Over 10,000 20 12.12 

(Standard: 11.0) (3.29) 

5,000 to 10,000 72 13.29 

(4.40) 

2,500 to 5,000 94 14.44 

(5.03) 

Less than 2,500 122 20.74 



(26.28) 
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TABLE 5.1 (ContM) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Office Space, Square Feet per FTE (Cont'd) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Private Four-Year Schools Over 5,000 7 13.29 

(Standard: 15.9) (3.93) 

2,500 to 5,000 46 16.39 

(6.89) 

1,000 to 2,500 282 21.58 

(8.79) 

Less than 1,000 516 24.97 

(14.05) 

Public Two- Year Schools Over 5,000 55 6.65 

(Standard: 9.4) (2.65) 

2,500 to 5,000 113 7.43 

(2.86) 

1,000 to 2,500 218 9.24 

(3.93) 

I .ess than 1 , 000 302 12 . 24 

(7.26) 

Private Two- Year SchvXjls 1,000 to 2,500 12 9.76 

(Standard: 15.8) (5.14) 

Less than 1,000 193 25.14 



(26.75) 
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TABLE 5,1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL. AND SIZE OF CAMPUS, 

HEGIS V. 1970-71 

Study Space, Square Feet per FTE 



Public Universities 
(Standard: 13.6) 



FTE Enrollment 
Category 

Over 20,000 
10,000 to 20,000 
Less than 10,000 



Mean 

Number of (Standard 
Institutions Deviation) 



22 
58 
48 



10.45 
(4.50) 

9.92 
(3.7/) 

11.71 
(5.76) 



Private Universities 
(Standard: 21.1) 



Over 20,000 



10,000 to 20,000 



Less than 10,000 



10 



69 



6.57 
(3.78) 

23.39 
(11.76) 

21.94 
(17.38) 



Public Four -Year Schools 
(Standard: 11.2) 



Over 10,000 



5,000 to 10,000 



2,500 to 5,000 



Less than 2,500 



20 



72 



94 



119 



6.31 
(3.03) 

7.44 
(3.39) 

9.41 
(4.35) 

13.92 
(12.70) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Study Space, Square Feet per FTE (Cont'd) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Private Four - Year Schools Over 5 , 000 7 8.11 

(Standard: 16.3) (4.96) 

2,500 to 5,000 46 12.11 

(6.79) 

1,000 to 2,500 282 16.68 

(10.37) 

Less than 1,000 512 24.19 

(21.88) 

Public Two- Year Schools Over 5,000 55 3.55 

(Standard: 9.0) (1.66) 

2,500 to 5,000 111 4.51 

(2.69) 

1,000 to 2,500 217 6.05 

(4.55) 

Less than 1,000 287 10.85 

(8.29) 

Private Two- ^'car Schools 1 , 000 to 2 , 500 12 8 . 63 

(Standard: 11.7) (5.46) 

Less than 1,000 190 23.93 



(39.63) 
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TABLE 5,1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

General Use Space, Square Feet per FTE 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Public Universities Over 20,000 22 13.22 

(Standard: 14.9) (7.00) 

10,000 to 20,000 58 14.24 

(6.23) 

Less than 10,000 48 19.76 

(10.39) 

Private Universities Over 20,000 3 8.11 

(Standard: 25.5) (3.95) 

10,000 to 20,000 10 19.73 

(10.10) 

Less than 10,000 68 32.30 

(26.94) 

Public Pour- Year Schools Over 10,000 20 6.45 

(Standard: 14.6) (5.14) 

5,000 to 10,000 72 14.08 

(6.03) 

2,500 to 5,000 93 17.76 

(8.94) 

Less than 2,500 116 26.35 



(25.29) 
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TABLE 5,1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

General Use Space, Square Feet per FTE (Cont'd) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 

Private Four- Year Schools Over 5,000 7 13.13 

(Standard: 37.7) (7.47) 

2,500 to 5,000 46 23.34 

(14.62) 

1,000 to 2,500 281 37.67 

(21.31) 

Less than 1,000 512 57.10 

(60.97) 



Publ ic Two- Year Schools Over 5 , 000 55 5 . 61 

(Standard: 7.8) (2.70) 

2,500 to 5,000 113 6.97 

(4.43) 

1,000 to 2,500 217 9.08 

(7.66) 

Less than 1,000 282 13.78 

(12.35) 



Private Two- Year Schools 1 , 000 to 2, 500 12 18.66 

(Standard: 35.2) (15.87) 

Less than 1,000 191 62.59 

(81.07) 
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TABLE 5.1 (Confd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Special Use Space, Square Feet per FTE 



FTE Enrollment 
Category 



Mean 

Number of (Standard 
Institutions Deviation) 



Public Universities 
(Standard: 15.2) 



Over 20,000 



22 



13.75 
(8.38) 



10,000 to 20,000 



58 



14.89 
(10.31) 



Less than 10,000 



47 



18.87 
(13.96) 



Private Universities 
(Standard: 16.0) 



Over 20,000 



8.13 
(7.99) 



10,000 to 20,000 



10 



11.59 
(5.57) 



Less than 10,000 



65 



19.83 
(15.92) 



Public Four- Year Schools 
(Standard: 13.1) 



Over 10,000 



20 



7.03 
(4.54) 



5,000 to 10,000 



72 



13.98 
(8.59) 



2,500 to 5,000 



91 



14.52 
(10.06) 



Less than 2,500 



109 



21.03 
(22.84) 
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TABLE 5.1 (ContM) 

MEAN AiND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Special Use Space, Square Feet per FTE (Cont'd) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Private Four -Year Schools Over 5,000 7 6.28 

(Standard: 20.6) (2.89) 

2,500 to 5,000 46 13.65 

(10.64) 

1,000 to 2,500 277 21.76 

(15.69) 

Less than 1 , 000 449 27 . ')5 

(30.56) 

Public Two- Year Schools Over 5,000 55 5.78 

(Standard: 8.7) , (2.67) 

2,500 to 5,000 110 6.97 

(4.23) 

1,000 to 2,500 190 9.73 

(8.83) 

Less than 1 , 000 213 20.21 

(21.78) 

Private Two-Year Schools 1,000 to 2,500 9 11.77 

(Standard: 25.9) (7.18) 

Less than 1,000 154 55.65 



(89.80) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Support Sp«ice, Square Feet per FTE 



Mean 

FTE Enrollnfient Number of (Standard 
Category Institutions Deviation) 

Public LIniversities Over 20,000 22 13.36 

(Standard: 12.4) (9.77) 

10,000 to 20,000 58 12.18 

(8.46) 

Less than 10, 000 47 11 . 01 

(5.49) 



Private I. 'niversitics Over 20,000 3 8.61 

(Standard: 16.1) (5.22) 

10,000 to 20,000 10 16.96 

(14.20) 

Less than 10,000 65 19.83 

(15.92) 



Public Four- Year Schools Over 10,000 20 5.55 

(Standard: 6.4) (3.66) 

5,000 to 10,000 72 5.68 

(4.06) 

2,500 to 5,000 94 7.08 

(5.06) 

Less than 2,500 117 10.81 



(15.57) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION PGR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Support Space, Square Feet per FTE (Cont'd) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Private Four -Year Schools Over 5,000 7 5.74 

(Standard: 13.4) (2.41) 

2,500 to 5,000 46 7.43 

(7.11) 

1,000 to 2,500 279 14.03 

(13.76) 

Less than 1,000 475 19.53 

(24.06) 

Public Two- Year Schools Over 5,000 55 3.00 

(Standard: 3.5) (5.53) 

2,500 to 5,000 108 2.62 

(2.18) 

1,000 to 2,500 196 4.69 

(7.47) 

Less than 1,000 217 5.86 

(9.32) 

Private Two- Year Schools 1 ,000 to 2,500 11 9.03 

(Standard: 13.5) (6.87) 

Less than 1,00() 156 30.33 



(64.53) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Total Non- Residential Space, Square Feet per FTE 



Public Universities 
(Standard: 89.8) 



FTE Enrollment 
Category 

Over 20,000 
10,000 to 20,000 
Less ttian 10,000 



Mean 

Number of (Standard 
Institutions Deviation) 



22 
58 
49 



124.48 
(45.87) 

114.21 
(39.15) 

131.05 
(46.59) 



Private Universities 
(Standard: 117.9) 



Over 20,000 



10,000 to 20,000 



Less than 10,000 



10 



69 



73.12 
(23.62) 

161.40 
(69.23) 

181.13 
(129.34) 



Public Four- Year Schools 
(Standard: 71.7) 



O/er 10,000 
5,000 to 10,000 
2,500 to 5,000 
Less thmi 2,500 



20 
72 
94 

122 



59.51 
(15.24) 

80.03 
(24.88) 

92.56 
(31.98) 

129.82 
(104.89) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Total Non- Residential Space, Square Feet per FTE (Cont'd) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 

Private Four-Year Schools Over 5,000 7 69.18 

(Standard: 119.8) (15.76) 

2,500 to 5,000 46 103.04 

(48.94) 

1,000 to 2,500 282 153,77 

(67.36) 

Less than 1,000 516 202.63 

(126.63) 



Public Two- Year Schools Over 5 , 000 55 47 . 20 

(Standard: 51.7) (17.25) 

2,500 to 5,000 113 52.72 

(21.86) 

0 

1,000 to 2,500 218 68.87 

(35.63) 

Less than 1,000 305 109.58 

(100.46) 



Private Two- Year Schools 1,000 to 2,500 12 77.44 

(Standard: 118.4) (43.21) 

Less than 1,000 194 238.42 

(253.66) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Residential Space, Square Feet per FTE 



Public Universities 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Over 20,000 
10,000 to 20,000 
Less than 10,00'^ 



22 



55 



44 



51.45 
(30.34) 

60.11 
(28.64) 

75.30 
(37.37) 



Private Universities 



Over 20,000 



10,000 to 20,000 



Less than 10,000 



10 



67 



37.71 
(19.01) 

68.31 
(48.27) 

94.02 
(80.51) 



Public Four- Year Schools Over 10,000 



5,000 to 10,000 



2,500 to 5,000 
Less than 2,500 



16 



66 



78 



91 



32.67 
(36.81) 

54.51 
(33.34) 

65.06 
(36.79) 

84.70 
(67.32) 
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TABLE 5.1 (Confd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Residential Space, Square Feet per FTE 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 

Private Four- Year Schools Over 5,000 7 43.82 

(17.19) 

2,500 to 5,000 43 67.20 

(47.75) 

1,000 to 2,500 271 108.43 

(60.92) 

Less than 1,000 465 140.32 

(92.35) 

Public Two- Year Schools Over 5 , 000 4 1 , 32 

(0.95) 

2,500 to 5,000 12 14.93 

(20.91) 

1,000 to 2,500 64 27.91 

(32.28) 

Less than 1,000 78 61.79 

(88.89) 



Private Two- Year Schools I , (X)0 to 2 , 500 10 81.77 

(76.75) 

Less than 1,000 162 168.99 

(147.74) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Medical Care Space, Square Feet per PTE 



Public Universities 



FTE Enrollment 
Category 

Over 20,000 
10,000 to 20,000 
Less than 10,000 



Mean 

Number of (Standard 
Institutions Deviation) 



12 



20 



12 



3.88 
(3.89) 

1.12 

(1.59) 

1.38 
(2.08) 



Private Universities 



10,000 to 20,000 



Less than 10,000 



10 



2.15 
(1-21) 

1.78 
(1.98) 



Public Four- Year Schools 5,000 to 10,000 



2,500 to 5,000 



Less than 2,500 



11 



8 



0.10 
(0.10) 

0.47 
(0.37) 

1.48 
(2.78) 
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TABLE 5. 1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

MEGIS V, 1970-71 

Medical Care Space, Square Feet per FTE (Cont*d) 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 

Private Four- ^ ear Schools Over 5,000 3 1,64 

(2.07) 

2,500 to 5,000 4 0,58 

(0.50) 

1,000 to 2,500 25 1.58 

(1.84) 

Less than 1,000 42 1.66 

(1.42) 



Public Two- Year Schools 2 , 500 to 5, 000 6 0. 47 

(0.32) 

1,000 to 2,500 5 0.31 

(0.17) 

Less than 1,000 7 1.86 

(1.43) 



Private Two- Year Schools Less than 1,000 7 2,81 

(1.67) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS 

HEGIS V, 1970-71 

Laboratory Research Space, Square Feet per FTE 



Public Universities 



Mean 

FTE Enrollment Number of (Standard 
Category Institutions Deviation) 



Over 20,000 
10,000 to 20,000 
Less than 10,000 



22 



58 



48 



19.05 
(12.51) 

11.90 
(11.06) 

12.53 
(12.35) 



Private Universities 



Over 20,000 



10,000 to 20,000 



Less than 10, 000 



10 



62 



5.41 
(0.48) 

23.98 
(16.77) 

21.38 
(63.66) 



Public Four- Year Schools Over 10,000 

5,000 to 10,000 
2,500 to 5,000 
Less than 2,500 



20 
63 
74 
69 



1.13 
(0.79) 

1.21 
(1.29) 

1.41 
(0.16) 

3.71 
(17.47) 
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TABLE 5.1 (Cont'd) 

MEAN AND STANDARD DEVIATION FOR SELECTED TYPES OF 
FACILITIES BY TYPE, CONTROL, AND SIZE OF CAMPUS, 

HEGIS V, 1970-71 

Laboratory Research Space, Square Feet per PTE (Cont'd) 



Mean 

FTE Enrollment Number of (Standard 
Category Instit»>tions Deviation) 

Private Four -Year Schools Over 5,000 7 0.53 

(0.30) 

2,500 to 5,000 37 2.18 

(2.14) 

1,000 to 2,500 191 2.12 

(2.93) 

Less than 1,000 182 3.01 

(9.49) 



Public Two- Year Schools Over 5,000 9 0.14 

(0.13) 

2,500 to 5,000 29 0.16 

(0.20) 

1,000 to 2,500 37 0.64 

(1.13) 

Less than 1,000 27 1.47 

(1.73) 



Private Two- Year Schools Less than 1,000 18 3.40 

(6.13) 



Souivc: bpcciai tabulations from HEGIS V, 
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TABLE 5.2 

CLASS PLUS LAB* SPACE PER FTE STUDENT, WITH LAB* SPACE 
REDUCED TO 11 PER CENT EFFICIENCY 

(Square Feet per FTE Student) 



Mean 

Public Universiti es 

Less than 10,000 15,71 

10,000 to 20,000 12.32 

Over 20,000 10.98 

Private Universities 

Less than 10,000 21.24 

10,000 to 20,000 16.16 

Public Other Four- Year Schools 

Less than 2,500 19.74 

2,500 to 5,000 15.89 

5,000 to 10,000 12.65 

Over 10,000 9.97 

Private Other Four- Year Schools 

Less than 1,000 30.07 

1,000 to 2,500 23.37 

2,500 to >,000 16.16 

Over 5,000 13.68 

Public Two- Year Schools 

Less than 1,000 23.05 

1,000 to 2,500 15.45 

2,500 to 5,000 11.34 

Over 5,000 10.20 

Private Two -Year Scliools 

Less than 1,000 31.08 

1,000 to 2,500 15.60 



•'Excluding labs used for research only. 
Source: See text, p. 96. 

ERIC 
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TABLE 5.3 

RATIO OF HIGH TO LOW QUARTILE OF SPACE PER FT OR FTE 
STUDENT FOR SCHOOLS RANKED ON AVAILABLE SPACE, 
BY TYPE, CONTROL, AND SIZE OF INSTITUTION 



A. Class Space per FT Student 

Ratio Type of Institution Enrollment 

Less than 2 Public Universities Less than 10,000 

10,000 to 20,000 
Over 20,000 

Private Universities 10,000 to 20,000 

Public Four- Year Schools 2 , 500 to 5, 000 

5,000 to 10,000 
10,000 to 20,000 

Private Four- Year Schools Less than 1,000 

1,000 to 2,500 
2,500 to 5,000 

Public Two- Year Schools 2 , 500 to 5, 000 

Over 5,000 

Private Two - Year Schools 1 , 000 to 2 , 50O 

Public Technical Schools 1,000 to 2, 500 

Private Technical Schools 2,500 to 5,000 

Public Institutions with 

Medical Facilities Over 5 . 000 

Private Institutions with 

Medical Facilities Over 5,000 

Public Medical Schools Less than 1,000 

Private Medical Schools Less than 1,U00 
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TABLE 5.3 (Cont'd) 

RATIO OF HIGH TO LOW QUARTILE OF SPACE PER FT OR FTE 
STUDENT FOR SCHOOLS RANKED ON AVAILABLE SPACE, 
BY TYPE, CONTROL, AND SIZE OF INSTITUTION 

A. Class Space per FT Student (Cont'd) 



Ratio 


Type of Institution 


Enrollment 


2 to 3 


Private Universities 


Less than 10, 000 




Public Two- Year Schools 

f f It 


Less than 1,000 
1,000 to 2,500 




Private Two -Year Schools 


Less than 1,000 




Private Fine Arts Schools 


Less than 1,000 




Private Technical Schools 


1,000 to 2,500 


3 to 4 


Public Technical Schools 


Less than 1,000 


4 to 5 


Public Four- Year Schools 
B. Lab* Space per FT Student 


Less than 2,500 


Less than 2 


Public Universities 


10,000 to 20,000 
Over 20,000 




Private Universities 


10,000 to 20,000 




Public Four- Year Schools 

tf tf 

f V f f 


2,500 to 5,000 
5.000 to 10,000 
10,000 to 20,000 




Public Two- Year Schools 


Over 5,000 




Public Institutions with 
Medical Facilities 


More than 5,000 



♦Excluding labs used for research only. 



o 
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TABLE 5.3 (Cont'd) 

RATIO OF MIGH TO LOW QUARTILE OF SPACE PER FT OR FTE 
STUDENT I'OR SCHOOLS RANKED ON AVAILABLE SPACE, 
BY TYPE, CONTROL, AND SIZE OF INSTITUTION 

B. Lab* Space per FT Student (Cont'd) 



Ratio 


Type of Institution 


Enrollment 


2 to 3 


Public Universities 


Less than 10,000 




Private Universities 


Less than 10,000 




Public Four- Year Schools 


Less than 2,500 




Private Four -Year Schools 


1,000 to 2,500 




Private Two- Year Schools 


1,000 to 2,500 




Private Technical Schools 


2,500 to 5,000 




Private Medical Schools 


Less than 1,000 


3 to 4 


Private Four -Year Sch(X3ls 


Less than 1,000 
2,500 to 5,000 




Public Two- Year Schools 

f f ft 


Less than 1,000 
2,500 to 5,000 




Private Two- Year Schools 


Less than 1,000 




Private Technical Schools 


1,000 to 2,500 




Public Medical Schools 


Less than 1,000 


4 to 5 


Public Two- Year Schools 


1,000 to 2,500 


More than 5 


Private Fine Arts Schools 


Less than 1,000 




Public Technical Schools 


Less than 1,000 
1,000 to 2,500 




Private Technical Schools 


Less than 1,000 



o 

ERIC 



'Excludini; labs used for research only. 
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TABLE 5.3 (Cont'd) 

RATIO OF HIGH TO LOW QUARTILE OF SPACE PER FT OR FTE 
STUDENT FOR SCHOOLS RANKED ON AVAILABLE SPACE, 
BY TYPE, CONTROL, AND SIZE OF INSTITUTION 

C. Study Space per FTE Student 



Ratio 



Less than 2 



2 to 3 



3 to 4 



Type of Institution 
Public Universities 



Public Four- Year Schools 
Public Two -Year Schools 
Public Technical Schools 
Public Universities 



Public Four- Year Schools 



Private I'our-Year Schools 



Public Two -Year Schools 

• • 

I'ublic Institutions with 
Medical Facilities 

Private Universities 

Public Two- Year Schools 

Private Two- Year Schools 

II M 

Private Fine Arts Schools 



Enrollment 

Less than 10,000 
10,000 to 20,000 

5,000 to 10,000 

Over 5,000 

2,500 to 5,000 

Over 20,000 

Less than 2,500 
2,500 to 5,000 
10,000 to 20,000 

Less than 1,000 
1,000 to 2,500 
2,500 to 5,000 

Less than 1,000 
2,500 to 5,000 

More than 5,000 

10,000 to 20,000 

1,000 to 2,500 

Less than 1 ,000 
1,000 to 2,500 

Less than 1,000 
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TABLE 5.3 (Cont'd) 

RATIO OF HIGH TO LOW QUARTILE OF SPACE PER FT OR PTE 
STUDENT FOR SCHOOLS RANKED ON AVAILABLE SPACE, 
BY TYPE, CONTROL, AND SIZE OF INSTITUTION 

C. Study Space per FTE Student (Cont*d) 



Ratio 



3 to 4 



4 to 5 



More than 5 



T3rpe of Institution 
Public Technical Schools 
Private Technical Schools 
Private Universities 
Public Technical Schools 
Private Medical Schools 
Private Technical Schools 



Enrollment 

1,000 to 2,500 

2,500 to 5,000 

Less than 10,000 

Less than 1,000 

Less than 1,000 

Less than 1,000 
1,000 to 2,500 



Private Institutions with 
Medical Facilities 

Public Medical Schools 



More than 5,000 
Less than 1,000 



P. Total Non- Residential Space per FTE Student 
Less than 2 Public Universities 



Private Universities 



Public Four-Year Schools 



Less than 10,000 
10,000 to 20,000 
Over 20,000 

Less than 10,000 
10,000 to 20,000 

Less than 2,500 
2,500 to 5,000 
5,000 lo 10,000 
10,000 to 20,000 
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TABLE 5.3 (Cont'd) 

RATIO OF HIGH TO LOW (^UARTILE OF SPACE PER FT OR FTE 
STUDENT FOR SCHOOLS RANKED ON AVAILABLE SPACE, 
BY TYPE, CONTROL, AND SIZE OF INSTITUTION 

D. Total Non- Residential Space per FTE Student (Cont'd) 



Ratio 



Less than 2 



2 to 3 



3 to 4 

4 to 5 



More than 5 



Type of Institution 
Private Four- Year Schools 



Public Two- Year Schools 



Public Two- Year Schools 



Private Two -Year Schools 



Public Institutions with 
Medical Facilities 

Public Technical Schools 

Public Technical Schools 

Private Technical Schools 

Private Institutions with 
Medical Facilities 

Private Fine Arts Schools 

Public Technical Schools 

l*rivate Technical Schools 



Public iVIcdical Schools 
Private Medical Schools 



Enrollment 

Less than 1,000 
1,000 to 2,500 
2,500 to 5,000 

2,500 to 5,000 
Over 5,000 

Less than 1,000 
1,000 to 2,500 

Less than 1,000 
1,000 to 2,500 



More than 5,000 
2,500 to 5,000 
1,000 to 2,500 
2,500 to 5,000 

More than 5,000 

Less Chan 1,000 

Less than 1,000 

Less than 1»000 
1,000 to 2,500 

Less than 1,000 

Less than 1,000 
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TABLE 5.3 (Cont'd) 

RATIO OF HIGH TO LOW QUARTILE OF SPACE PER FT OR FTE 
STUDENT FOR SCHOOLS RANKED ON AVAILABLE SPACE, 
BY TYPE, CONTROL, AND SIZE OF INSTITUTION 

E. Office Space per Professional FTE 



Ratio Type of Institution Enrollment 

Less than 2 Public Four- Year Schools 10,000 to 20,000 

2 to 3 Public Universities Less than 10,000 

10,000 to 20,000 



If tf 



Over 20,000 



Public Four- Year Schools 2,500 to 5,000 

5,000 to 10,000 

Private Four- Year Schools 1 , 000 to 2 , 500 

Public Two- Year Schools 2,500 to 5,000 

Over 5,000 

3 to 4 Private Universities 10,000 to 20, 000 

Public i'Our-Year Schools Less than 2,500 

Private Four- Year Schools Less than 1,000 

2,500 to 5,000 

Public Two- Year Schools Less than 1,000 

4 to 5 Private Universities Less than 10,000 

Public Two- Year Schools 1 , 000 to 2 , 500 

Private 'l\vo-Year Schools Less than 1,000 

1,000 to 2,500 

Source: III-GIS V 
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TABLE 5.6 



INDEX OF AVAILABLE RESIDENTIAL SPACE PER STUDENT 

(1971 = 100) 

Unweighted Weighted 
1957 01 30 
1968 91 82 
1971 100 100 



Source: U, S. Department of Health, Education, and Welfare, 
Office of Education, Inventory of Physical Facilities in 
Institutions of HigherTaucation: 1957, Fall 1908, Table 9, 
p. 21. Also Fall 1971 , TaSle 3, p. lU. Enrollment, U.S. 
DHEW, OE, Projections of Educational Statistics, and 
unpublished tabulations. 
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CHAPTER SIX 

Si ATISTICAL DETERMINATION OF SPACE STANDARDS 

Available space per full -time -equivalent student varies from 
campus to campus . There are also wide differences between the actual 
space available and the level recommended by space planning everts. 
If the space planning authorities were not influential in determining 
available space inventories » could it be possible that there was an un- 
stated consensus among post -secondary education administrators which 
had not been enunciated up to now? 

We attempted to find out whether such consensus existed by con- 
ducting an elaborate analysis of the availability of non- residential space. 
A series of regression equations were constructed to explain the stock 
of non -residential space as a function of enrollments » expenditures » 
staffing patterns and the orientation of the school measured by the number, 
level and types of degree granted. We hoped that the results of these 
regression equations would contribute to objective standards which 
explained how space was utilized. 

Description of Data 

The data base for these regressions consisted of various data 
elements from the HEGIS surveys for the school year 1970/1971. The 
various surveys collected information on facilities, by type, enrollments 
by level, and full-time or part-time status, staff, by type, and level, 
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finances, and degrees granted by level and field of study. The institutions 
which reported all items of data accounted for an estimated 92,5 per cent 
of Che full-time equivalent enrollment for that year, and can be considered 
as representative of the total number of institutions. In order to maxi- 
m.'ze the coverage, a number of responses had to be consolidated because 
a number of institutions with multiple campuses did not, or could not, 
provide the data for individual campuses, but aggregated certain types 
of data on a system-wide basis. In some instances, notably the State 
University of New York, data was reported both on a campus a:.d system- 
wide basis requiring great care in editing the data from the various surveys. 

The detail of the data elements, the types and size of institutions 
and the results of a large number of regression analysis appear in 
Appendix 6. This appendix also contains a detailed explanation of the 
methodology used, and the programs used. A summary of the results 
of the statistical analysis is given below. 

Summary of Results » 

The analysis of statistical determinants of total non- residential 
space confirmed the impression gained through the less sophisticated 
analysis of data that there is a great deal of variability in available 
space in post -secondary education. l"or a number of institutional types, 
the objective criteria which are generally usrd to plan for space did 



159 



not explain a large enough share of the Nrariability to satisfy us. Apparently, 
other factors of a more subjective manner were responsible for the 
amount of space available. To some extent » the analysis was complicated 
by the presence of co-linearity of factors used to forecast space, e.g. , 
those schools with high faculty /student ratios were also big spenders. 
Other circumstances, such as the recent or anticipated growth of en- 
*-ollmcnts, as in the case of public two-year schools, had resulted in the 
co-existence of schools with too little space or too many students, many 
of them in the process of building additional facilities, and others, with 
too much space and too few students, at the threshold of enrollment 
drives. 

The "best" predictive equations, and their respective R^, are 
reproJiiced in Tabic 6.1. Two comments are appropriate in this con- 
ncccio.K In those cases where equations have only a few eicplanatory 
variables for the total non- residential space, as \ general rule the co- 
linearity between variables was quite high, and it can be concluded that 

the factor proportions of these types of institutions were fairly alike. 

2 

Also, whenever the R are low, it can be concluded that the variability 
in space per student was quite high, despite the apparent homogeneity 
of the other factors. Space availability if apparently determined by 
different considerations thrn the allocation of current resources. 

Analysis of Results 
A set of limited concldsions can be drawn from the statistical 




analysis. 

1. As a general rule, the amount of available space is deter- 
mined not only by the number of students who attend the institution, but 
also by the number of persons employed on the staff, and the resources 
expended on instruction by the institution. With the exception of uni- 
versities, defined in this study as institutions which grant doctorate 
degrees, the course mix did not seem to affect drastically the demand 
for space. 

2. In universities, emphasis on doctoral programs in the physical 
sciences appeared to increase space demands considerably. Evaluated 

at the mean values , for small public universities, the enrollment term 
accounts for roughly 50 per cent of the space, the staff close to 25 per 
cent, and 23 per cent is derived from additional space demand represented 
by the program mix, in this case, represented by degrees granted. The 
constant term is not very important. l<or ail private universities, the 
FTE enrollment, FTE staff, and instructional expenditure variables 
each contribute between 20 and 25 per cent of the total, and the degree 
variables contribute 22 per cent. The constant is responsible for the 
remaining eight per cent. In this last case, though, the demanJ for 
space due to course mix is difficult to interpret because two out of the 
six tiegrec variables have a negative sign, and one is forced to conclude 
that mjre space than in indicated by the coefficients of other degrees 
is needed lo house certain pro^j^rams. 
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The program mix is much less important in other four -year 
schools, either public or private. In small public colleges, FTE 
enrollment is responsible for one-third of the demand for space, and 
instructional expenditures for over one-half of the total. The regression 
results for small private colleges are fairly similar: the instructional 
expenditure term explains 40 per cent of the demand for space, and 
the FTE enrollment term explains 24 per cent. In the case of these 
institutions, the constant term is much higher. As could be expected, 
the degree mix is also more important in explaining demand for space. 

In large private colleges, despite the fact that the constant 
term accounts for a large 36 per cent of the total, FTE enrollment and 
FTE staff variables contribute 30 and 24 per cent, respectively, of the 
demand for space. The course mix seems to be much less important 
there. 

It thus appears that the major influences on the amount of non- 
residential space are FTE enrollment, FTE staff, and instructional 
expc.Klitures. To a lesser degree, again depending upon the commit- 
ment to graduate programs, the course mix also appears to mai.e a 
difference. 

3. The rather consistent failure to obtain reasonable regression 
equations witfi the correct sign for both FTE staff and instructional 
expenditure variables needs some comment. Despice the fact that a 
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large number of schools with above-average space had both high staff 
ratios and high instructional expenditures psr student, the co-linearity 
in staff and expenditures makes it difficult to capture this result in the 
regression equation. The fact that a negative sign sometimes appeared 
in front of the instructional expenditures variable can be plausibly 
explained. Institutions with more staff per student, and consequently 
lower work loads, as well as possibly more prestige, underpay their 
staff compared to institutions with high work loads and less prestige. 

4. We have been highly selective in the presentation of results. 
Only a fraction of the regressions which were run are presented in this 
chapter or the appendix. We do believe that the results presented in 
this chapter and appendix are intuitively reasonable. For instance, 

the regression coefficient associated with FTE enrollment should exceed 
the mean classroom -plus -Inb space in a given category, since additional 
space other than class and lab space is used by students. In most cases, 
and especially for the better regression equations, this was the case. 
Similarly, the regression coefficient for I^^TE staff should exceed the 
mean values of office space per PTE staff, since the staff requires some 
other types of space as well. This is corroborated by the regression 
equations. 

5. Finally, an attempt was made to predict space requirements 
by using several of the better regression equations across the board- - 
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i.e., for all institutional groups by type, control, and size. When those 
estimates were compared with the actual group means or reasonable 
space standards, the discrepancies were large and varied. The cou- 
elusion to be drawn from this is that the differences among the various 
groups of institutions are substantial enough that a regression equation 
for one institutional group cannot be expected to produce reliable estimates 
for other institutional groups. 

C onclusions 

The results which were obtained through the statistical analvsis 
were not powerful enough to propose a new set of standards, but they 
can be used to model and validate standards derived in this study and 
presented in Table 4.7, and to model the response of institutions to chang- 
ing conditions. 

For instance, the staff to student ratio in small public univer- 
sities IF .274, and for small public colleges, it is .155. If all other 
things were equal, and public universities could make do with the same 
staff as four -year colleges, their space requirements could be reduced 
by 12 per cent. 

In the case of private universities with a staff-to-student ratio 
of .346, a reduction in the staff-student ratio to .180, typical of private 
four-year schools, would result in a reduction of space requirements 
of 11 per cent. By comparison, if private universities were to have the 

o 
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sam? staff-student ratios as the small public ones (i.e., .274), one 
could expect a reduction in space requirements of roughly five per cent. 

The reduction of space in public universities by 12 per cent, or 
roughly 10 square feet, will explain one-half of the difference of the 
standards set for these two types of institutions in Chapter 4. The re- 
duction of five per cent in the space of private universities will amount 
to roughly one-quarter of the difference in the standards between the 
public and private institutions and bring to parity to the office space per 
PTE student in each one of these institutional types. 

The absence of strong relationships between objective variables 
and space appears to mask the interesting conclusion that incremental 
differences between tjrpes of institutions is closely related to space 
standards established by this study, standards which are based on a re- 
analysis of expert opinion. 
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CHAPTER 7 
AN ESTIMATE OF STOCKS 1970 - 1990 

The U. S. Department of Health, Education, and Welfare, 
Office of Education, Report of the Higher Education Construction 
Programs Study Group^ noted that "current accurate data on replace- 
ment needs for colleges and universities is not available" (p. 133). 
Arbitrarily, the study group assumed that one per cent of the space 
would be retired every year, and noted that this replacement estimate 
could be low, if the current backlog of unsatisfactory space (estimated 
at four per cent of the 1969 stock) were to be added to the replacement 
needs. It also noted that, by the end of the 1960*s, a relatively high 
proportion of post -secondary space was fairly young, and that a 
rate of retirement lower than one per cent could be justified. On 
balance, the study group decided to adopt a one per cent rate. 

The difficulty which the study group had in setting estimates 
of retirement is understandable. At the time the report was written, 
the group had at its disposal a snapshot of the age of instructional 
facilities in 1957. And this snapshot presented a confusing picture 
(see Table 7.1). For instance, nine per cent of all space still in use 



ERIC 



^ Federal Support for Higher Education Construction: Current 
Programs and Future Needs , (mimeo, N.D.) 

187 



in 1957 was occupied before 1900, and some 42 per cent was occupied 
before 1930. It is astonishing that the relation of degree credit 
enrollments in 1900 and 1930 was 8 and 38 per cent of those in 1956. 
Thus, if 1957 space standards were in effect throughout the 20th 
Century, it would imply that there was hardly any retirement of 
buildings during 60 years. 

Actuaily, two related hypotheses can be more leasonably 
advanced: (1) space per student has been declining throughout the 
20th Century, and (2) in all probability, retirements and abandon- 
ments occurred at a fairly modest rate throughout the period. This 
second hypothesis certainly supports the assumption of an average 
life of 100 years adopted by the study group. 

New Evidence on Retirement Rates 
We were dissatisfied with the method adopted by the study 
group to estimate the retirement rates of buildings. An attempt was 
made to establish better data bases and use more sophisticated 
retirement assumptions. In this, we were only partially successful. 

Estimates of retirements were derived from an 
examination of actual letirements between 1957 and 1965. The 
reports submitted to the 1965 survey of facilities (still unpublished) 
were examined, and the tj^o construction, condition, principal 
use of buildings, and type of instj :ution were noted for all buildings 



which were reported as being no longer in use. In effect, the 
voluminous file of responses for the 1965 survey was eicamined, 
and every building (with the exception of wooden buildings, for which 
a 20 per cent sample was taken) retired was noted. This file was 
later key-punched and sorted along the lines shown in Table 7.2. 
Ratios were calculated of occupied space to retired space and are 
shown in that table. 

Two conclusions can be drawn from Table 7.2: (1) the 
age of a building does not correlate very highly with its retirement 
rate» and (2) the small number of retirements may cause wide 
fluctuations in the retirement rates of any single type of building. 
The total nnniber of buildings retired for the entire eight- year period 
was 4,223, or less than 10 per cent of the total buildings and 6 per 
cent of the total space. This was not enough to make estimates for 
63 cells, i.e., nine types of construction and seven time periods. 
For certain types of buildings, the retirement rate was calculated on 
the basis of one observation. Hence, the only reasonable way of 
estimating retirements appeared to be (1) to use all the observations 
for the eight years together, (2) estimate the average age of buildings 
in 1957, and (3) using the observed average retirement rate of 
buildings and their averages, estimate the life of buildings by reading 
off from a table (frequently used to estimate retirement rates for 
buildings) showing expectancy life- factors for group properties ^the 



so-called R-2 retirement curve)/ Since observed retirement rates 
were 0,8 per cent a year, and the average age of buildings was 
25 years, it would appear that the expected average life of buildings 
is 75 years • 

Using this retirement curve, we have estimated that a 
group of buildings comparable to the ones in stock in 1957 would have 
an average life of roughly 75 years. This does not mean (as the study 
group had assumed) that 1/75 of the stock would be retired every year. 
In reality, retirements are much slower in the early life of a building, 
and much faster as the building gets older. For instance, using the 
curve adopted, we have estimated that some 16 per cent of the 
buildings built before 1957 would be retired by 1990, The same curve 
applied to buildings built between 1957 and 1968 led us to an estimate 
of retirement of some five per cent of the stock of these buildings by 
1990. The estimated stock of J:>uildings in existence by 1970, and 
those surviviiig by 1990, are shown in Table 7.3, If our estimates are 
correct, even by assuming a shorter life for buildings, it is likely 
that retiremenc rates are going to be less than half of those projected 
by the study group. 



A. Marston. R. Winfrey, J. C. Hempstead, Engineering Valuaticn 
and i depreciation , McGraw-Hi.'i Book Company, Inc., New York, 
1953, p. 462. 
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Total Stock of Buildings, 1973 - 1974 



The total stock of buildings as of Pall 1973 is very 
difficult to estimate. The last usable HEGIS tape in our possession 
gives the stock ot buildings in Fall 1970. At that time, the total 
stock of buildings was equal to 1, 138 million net assignable square 
feet, of which 777 million square feet were non-residential buildings, 
and 361 million square feet were residential. 

We attempted to estimate net additions to stock for the 

periods 1957 - 1968, and also academic years 1968 and 1969. These 
are shown in Table 7.4. A column of this table compares our estimates 
of gross additions to the space with those oV the Norris report. We 
are fairly close in our estimates for the two yeais taken together, 
but our estimate is higher than the Norris estimate for 1968 and 
lower for 1969, We are not too concerned about these differences, 
because the Norris estimates are on a fiscal year basis, and ours are 
on an academic year basis. 

The gross additions for academic years 1971, 1972, 
and 1973 are impossible to estimate accurately. The only estimates 
extant of expenditures for construction are from a survey published each 
year in June/July 1970 through 1974 in C ollege and University Manage- 
ment magazine. These estimates are: 



1969 
1970 
1971 
1972 
1973 



$3,900 thousand 



3,572 
2,613 
2,829 
3,033 
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In constant prices, deflated by the index of construction 
costs* the estimated outlays (in 1957 - 1959 dollars) appear as follows: 



1969 $2,799 thousand 

1970 2,386 " 

1971 1,641 

1972 1,684 " 

1973 1,715 " 



In other words, after peaking sometime in the late 1960*s, 
construction outlays have declined to roughly the $3.0 billion level iii 
constant prices, or $1.7 billion in 1957-59 prices. 

These outlays to higher education construction cannot 
be directly translated into the number of net assignable square feet 
built. Some of these outlays result in projects put in place a number 
of years later. The same source estimates that 46.1 million assign- 
able square feet were put in place in calendar 1972, and some 
60 million will be put in place in 1973. 

We thus know that (1) some 120 million square feet were 
put in place in the academic years 1968 and 1969, and (2) we can 
estimate that 53 million square feet came on line in academic year 
1972. Given the trends in appropriations for space, it would not be 
too out of line to assume that another 120 million square feet were 
put in place in 1970 and 1971, and that for the next few years, i.e., 
until 1975, one could expect some 40 million square feet to be put 
in place in each succeeding year. 
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Tlie total space inventory for academic years 1975-76 
and intervening years appears in Table 7.5. One could well expect 
an increase of 20 per cent in space between Pall 1970 and Fall 1976* 

Distribution between Residential and Non- Residential Space 
If past trends were followed, roughly one- third of the 
total space constructed would be residential space. In actual 
fact, this estimate is much too high. Already, between academic 
1957 and academic 1968, about 30 per cent of the additions to space 
was residential space. By 1969, only 15 per cent of the space 
put in place was residential space. Since that time, there are no 
firm statistics of dormitory construction, but all indications are 
that dormitories are claiming a smaller and smaller proportion of 
the total space being built. If the decline in the proportion of space 
built between 1957 and 1965 (using 1962 as the midpoint) and 1969 
were to be projected into the future, it is not unrealistic to assume 
that no more than 10 per cent of the space to be put in place from 
1970 on will be residential. It is possible that the proportion may 
even be less. 

The projections of residential and non -residential stocks 
appear in Table 7.6. 
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Other Withdrawals of Space 
Between Fall 1970 and Fall 1971, roughly 1.7 nnillion 
net assignable square feet were retired because 34 small schools 
closed down. The majority of these schools had lost enrollment, 
and had an average of 280 non- residential square feet per student in 
the private sector, and nearly 300 square feet among public schools. 

There are roughly another 91 schools with very large 
inventories of space per student which are probable candidates for 
early closing. These schools have 23 million net assignable square 
feet, and are likely to be closed during the next four years. It is 
also possible that an additional 100 or so two-year and four-year 
schools in the private sector, with over 200-odd feet of non-residential 
space per student, may also find themselves in difficulty. These 
schools have an additional 30.5 million net assignable square feet in 
non-residential space. Of course, not all these schools will close, 
but it is not unreasonable to expect that perhaps half of them may 
go out of operation. Thus, some 40 million net assignable square 
feet, or 2.0 million a year, maybe withdrawn through school 
closings. About one- third of that space is assumed to be dormitories, 
the rest is non- residential. It is not possible to forecast how these 
closings will be phased, and we arbitrarily subtracted an equal 
amount each year. For instance, in the Fall of 1974, Parsons College, 



with roughly half a million square feet of non-residential space, will 
be withdrawn from the inventory. 

Rented Space 

Rented space was estimated at 32 million square feet 
in 1969-70 and 29.5 million square feet in 1970-71. These figures, 
which account for less than three per cent of the total space and 
four per cent of the non- residential space (most of the reported 
rented space is r-m-residential space), should be treated with great 
caution. In a number of instances, the inclusion of rented space 
produced extremely high space available per student. Discreet 
inquiries for the reasons w..y such large amounts of space were 
rented produced varying responses: (1) in some cases, the total 
space rented from a high school to offer night courses for a few 
hours an evening was reported, (2) in other cases, the reported 
space was used mostly to locate a research group, and a few 
ancillary courses were given at the location, and (3) in at least one 
instance, the rented space was being converted and only a minute 
part was ready for occupancy. On balance^ we could only conclude 
that the role of the relatively small proportion of rented space is 
highly overestimated. 

Given the stories about crises in the availability of 
space in some institutiv^ns, we were quite surprised about the 



insignificant role which rented space has played in filling peak 
demand before permanent facilities became available. In thi.^ con- 
nection, we investigated in depth the experience of the CUNY system, 
one of the post- secondary systems with the least facilities per 
student, the lowest office footage per staff member, and with 
generally unsatisfactory auxiliary facilities. The system is located 
in the largest metropolitan area in the country, which has been experi- 
encing above- average vacancies in office space. Hence, on the sur- 
face, it appeared reasonable that it could fill its requirements in 
existing facilities. 

Actually, there were a number of factors which prev-'inted 
the system from expanding its space requirements as fast as it wanted 
to through rentals. In the first place, much of the expansion was not 
in Manhattan, but in outlying boroughs where community colleges were 
set up to cater to disadvantaged populations. There was little space 
for rent there, and the system had to wait until space became 
available in churches, synagogues, or community centers. For 
instance, Medgar Evers Community College is housed in a former 
Masonic Temple, a Presbyterian church, and assorted other office 
buildings. Other community colleges were housed in Jewish Centers 
or closed parochial high schools. Another four-year school holds 
gym classes in a YWCA. 
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Often a factory was the only available building in the 
community considered suitable for the college, and modification 
costs were high enough to prompt the purchase and remodeling of the 
facility as contrasted to renting it. 

In a number of existing schools outside Che borough of 
Manhattan, trailers were wheeled in for use as offices and class- 
rooms. In other instances, a whole campus, such as St. John's in 
Brooklyn, was taken over. 

In Manhattan itself, CUNY found itself a less-than- 
welcome tenant in high-rise buildings. The rush of students from 
classroom to classroom at set periods tended to disrupt elevator 
service for other tenants. Also, in the case of existing schools, 
such as Bernard Baruch and Flunter, the choice of space was limited 
by the desire to keep some propinquity between students and faculty. 
At Baruch, freshmen and sophomores were located in a nearby 
building, and faculty offices were sited in a nearby hotel. 

The problem of locating a portion of a campus in rented 
space has not been solved satisfactorily, either by CUNY or other 
fast-growing campuses. It is difficult and uneconomic to site part 
of a school in one location and part in another, especially if the 
institution wishes to provide some library and study facilities. 

The economics of refurbishing and renting space are 
also moot. CUNY, for instance, paid between $5.00 and $8.00 a net 
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assignable square foot for space in downtown Manhattan. The higher 
figure » it is true, included maintenance and cleaning fees estimated 
at $1.50 a square foot. In other locations, uptown, space was rented 
at $3.00 to $4.00 per square foot. The average cost of trailers was 
roughly $5.00 per square foot, on a declining payment scale from 
$12.00 to $3.50 a net available square foot over a five-year period. 
The cost of trailers is somewhat exaggerated, since CUNY could 
purchase them for a nominal amount at the end o\ five years, and the 
useful life of trailers was estimated to be, at least, double the rental 
term. 

Another fast-growing system, the state colleges in 
California, has also e}q>erimented with rentals, again with indifferent 
success. As some privately built dormitories were underutilized, 
some of the residential space was rented and converted into faculty 
offices. According to administrators of programs, this was not a 
satisfactory solution either, as commuter students found the location 
of offices inconvenient. Lately, surplus classrooms in the system 
were converted into faculty offices, as a preferable alternative. 
Complaints that these offices are makeshift are still heard, but they 
are considered more satisfactory than more gracious facilities in 
inconvenient locations. 

The only successful rental experience we have heard 
about is that of a proprietary school in New York, It leased its 
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campus to CUNY and rented long-term office space. The principals 
of the school managed to reduce their space requirements by one- 
half » from some 40 to 20 square feet per full -time- equivalent student. 
They claim that this reduction in space could be accomplished in 
other schools through better space planning. It should be mentioned, 
though, that the school provides few, if any, of the conventional 
amenities of college campuses: its library is limited, there are no 
food or athletic facilities, etc. We were told that a separate banic 
of elevators services for the school reduces complaints from com- 
mercial tenants. 

Attitude Toward Space and Future Construction Plans 
To many college and university administrators, especially 
in private schools and universities, the campus is an important 
entity which has practically a life of its own. An illustration of the 
aspirations of a major university center, which has roughly twice 
the "standard space" per student is reproduced in Exhibit I. 

There is no end to what can be improved, and standards 
set by cue institution are generally copied by others. For instance, 
the layout of campuses planned by CLJNY does not take into account 
that C\ iNY is part of the metropolitan area. A theater built at Staten 
Island Community College was reviewed by a professional publication 
as rivaling in facilities those of Broadway, 
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Exhibit I • A Private University President's Point of View 



Organization of the Basic Biological Sciences 
suggests questions which are appropriate for all 
the Divisions. Questions of this type are now be- 
fore the Social Sciences Division with the recom- 
mendation of its faculty committee that in view 
of the presence of something like 6S psychol- 
ogists and closely related behavioral scientists in 
Various parts of the University, including the 
Business School, the Department of Psychiatry, 
the Department of Biology, the Department of 
Education, and the Committee on.;Human De- 
velopment, as well as the Department of Psy- 
chology, there be a serious effort at regrouping. 
But the number and overlapping of departments 
are not the only issues which the basic biology 
report may be taken to raise. Inherent in the 
report are questions as to the reality of the pos- 
sible collective leadership role of the Divisions 
themselves. This role, no doubt, is a changing 
one, depending on many external and internal 
factors and other supporting arrangements. The 
early organization of the Social Sciences Division 
surely reflected a belief in the possibility of 
interchange and divisional leadership. The Social 
Sci nces Research Building, the first of its kind, 
was intended as a divisional laboratory, given 
added meaning through the use of multi-depart* 
ment seminars, interdisciplinary committees, and 
the integrative force of the Social Sciences Re* 
search Divisional Grants Committee. This may 
well be a time when, as the report seems to sug- 
gest, it may be necessary to give new vitality to 
the divisional structures. I am, myself, convinced 
that the institution of the Collegiate Divisions at 
the undergraduate level has increased our ability 
to solve educational problems. The main reason 
for this is because of the facilitating efTorts of 
the Masters themselves. One wonders whether 
similar efTorts at the divisional level might not 
prove to be useful. 



Revitalizing the Divisional Structure 

Physical faci!itic8, of course, are only justified if 
they importantly further important activities. The 
structures which 1 have mentioned have been put 
to this test. But it hardly needs saying that the 
maximization of the University's strength involves 
different problems as well. Two years ago Dean 
Jacobson appointed a faculty committee to re- 
view the organization of the Basic Biological 
Sciences. That committee reported in February 
1972. ''A central conclusion and main theme of 
the committee/* the report states, ''is that a con* 
siderable degree of unity, cohesiveness, and flex* 
ibility in the Basic Biological Sciences are ab- 
solutely essential both now and in the future 
and this requires both administrative steps and 
explicit policies that go beyond simple exhorta- 
tions of collegiality. There would seem to be little 
doubt that biology is becoming in many ways a 
single discipline or ai least a multi-dimensional 
continuum of overlapping disciplines." **At our 
own institution,** the report goes on the say, "de- 
partments overlap in their (legitmiate) interests; 
much of our divisional strength presently lies 
across departmental lines; we find our&elvcs 
unable to keep teaching responsibility confined 
within departments; and there is an increasing 
need for kinds of laboratories and of expensive 
specialized facilities that are not unique to in- 
dividual departments. If our divisional enterprise 
in the basic biological sciences is to be strong 
and Kilanccd. there is the need, especially in the 
face of current restraints, to consider the impact 
of departmental ^appointments on overall pro- 
grams and responsibilities in the basic sciences, 
;md one can only suspect that our future abilities 
to recruit outstjpJing students and faculty in new 
frontier areas of bioK'gy will depend on our 
attractiveness on a divi-ional basis/* Among the 
recommendations of the committee was "that 
there be fewer ami largi^r basic science dep;irt- 
menrs.** The commitrie r'cognized the need for 
the '*v.oitinumg use of interest groups formed 
for scholarly purposes on a nondepartmental 
basis." At the present time the Division is con- 
siderinc recommenilaiit^ns for two consolidations 
in the *i>!ht of the Jirection of this general re[u>rt. 
Biophysics. Theoretical H'olo^y. and part of 
IMush^^yy \\\\\ he broiiuhl itu^ether in one de- 
parlnHnl. Pharmacology and the rest of Physiol- 
ogy, it is propt^sed. will form another. 

I he report of the faculty committee on the 



Source : Edward H. Levi, "State of 
the University/* The University of 
Chicago Record , Vol. VII, No. 3, 
March 21, 1973, p. 42, the Univer- 
sity of Chicago. 
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We do not believe that many systems will have space 
shortages because: (1) the space standards they have adopted are 
generous, and (2) state and local funds are still allocated on the 
assumption that enrollments will increase in line with past trends. 
In effect, a number of administrators believe that there is a 10 to 
20 per cent leeway in capacities on campuses, especially those cam- 
puses which deal with "non-elite" clienteles, and where the faculty 
has less say about class size. Also, tlie plans of such states as New 
York have not been revised downward in the light of recently reduced 
propensities to enroll. While the latest published census figures show 
that only half of high school graduates attend colleges. New York State 
plans to provide facilities for seventy per cent. The master plans of 
most other states are also somewhat high in the light of most 
reasonable projections of enrollments. 

In some states, the central administration is becoming 
increasingly aware of the optimism of earlier projections of enroll- 
ments. Administrators of both the university and college system in 
California are attempting to put the brakes on additional construction. 
Their message is not read loud and clear at individual university and 
college sites. In a number of schools we visited, the administration 
was still committed to meet the construction schedule of a master 
plan which was based on much higher enrollment projections. 
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Without looking into the array of political forces in each 
individual state, it is impossible to forecast who will win the tug-of- 
war between the local and central administrations. If the forecast 
of College and University Managenr»en t for calendar 1973 is to be 
trusted, the political power is in the hands of the local administrators. 
As Che economy moved into high gear in 1972, the appropriations for 
construction increased some 15 per centi 



ERIC 



tit 

CIS 



CQ 

< 



o 

Ui 

Q 
id 
H 
U 
U 
J 
U 

CO 

a: 
O 

z 
u 

1 
1 

O 
OC 
2 
U 

Q 



u 

o 

O 

z 
> 

CO 



CO 



CO 



S 



00 

00 



o 

NO 

eo 



00 



CO 
00 

00 

in 

CO 



CO 



o 

NO 



CO 

VO 

CM 
O 



00 

o 

vO 



i i 

CO 3 

CO O 

o ^ o 

t/; CO .-N Q 

0 CO CJ 

o 



o 
CO 



CM 



3 



8 



si 



CO 



vO 



to 



CM 



\0 

3 



lO 

CO 



CM 



o 

vO 



00 
CO 
CM 



ERIC 



I 



b CO 

C 

4-> CQ 

CJ 

^£ 

tis 

213 



oc 

00 



o 

CO 

a 

CO 

c 



,^ II 



8 



CO 

NO 

ON 



lO 



oo 

CO 



o 

CM 



00 



ON 



05 

4-> 

c 



O 
U 

c 



X 

c 



i 

3 



e 

so 

.S 

3 

V) 

.2 ^ 

CO JQ 



• 

NO 

CS 
I 

CM 
CN 



182 



CO 

:•!; 



CQ 
U 
3 

3 



JS O CM 

^ e 2 

O CO 
^ S g 

O o 



a 



CM 

ON 



CS 0) 



> 
1-1 

3 
CO 

cc 
0) 



u 

CO 
CO 



ui D o 

I- 

o 

CO 05 

• o 



CO 

O w 

CO 
CO ^ 
O CO 
3 (J 

•a 



o 
u 

B 
B 

6 



CO 

e 

D 

•a 
c 

CO 

f-H 
r-H 

O 

U 



CO ^ W U 



5.2 
o 



c 

(1> 

cit 



o 

3 

o 

CO 



.1* 

BEST COPY miUlBU 




TABLE 7.3 



ESTIMATED STOCK OF TOTAL SPACE IN EXISTENCE BY 1970 

AND SURVIVED TO 1990 

(Net Assignable Square Feot in Millions) 



Built 

Survived to by 1957 



1968 


413.3 


1969 


410.6 


1970 


407.7 


1971 


404.0 


1972 


401.2 


1973 


397.5 


1974 


394.1 


1975 


391.0 


1976 


387.1 


1977 


383.5 


1978 


380.2 


1979 


376.1 


1980 


372.2 


1981 


368.7 


1982 


364.4 


1 983 


360.0 



Built 

Between Built 
1957 - 1968 in 1968 



613.7 




612.7 


72.6 


611.8 


72.5 


610.6 


72.4 


609.3 


72.3 


608.1 


72.2 


606.9 


72.1 


605.6 


7U9 


604.4 


71.9 


603.2 


71.7 


601.9 


71.6 


600.1 


71.4 


598.8 


71.3 


597.0 


71.1 


595.1 


71.0 


593.9 


70.9 



Built 



in 1969 


Total Stock 




1,027.0 




1,095.9 


46.9 


1,138.9 


46.9 


1,133.9 


46.8 


1,129.6 


46.7 


1,124.5 


46.7 


1,119.8 


46.6 


1,115.1 


46.5 


1,109.9 


46.4 


1,104.8 


46.3 


1,100.0 


46.2 


1,093.8 


46.1 


1,088.4 


46.1 


1,082.9 


46.0 


1,076.5 


45.9 


1,070.7 
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TABLE 7.3 (Cont'd) 

ESTIMATED STOCK OF TOTAL SPACE IN EXISTENCE BY 1970 

AND SURVIVED TO 1990 

(Net Assignable Square F^'eet in Millions) 
Built 

Built Between Built Built 
Survived to by 1957 1957 - 1968 in 1968 in 1969 Total Steele 



1984 


356.6 


592.0 


70.7 


45.8 


1,065.1 


1985 


352.5 


590.2 


70.5 


45.7 


1,058.9 


1986 


347.7 


588.3 


70.3 


45.5 


1,051.8 


1987 


343.8 


585.9 


70.1 


45.4 


1,045.2 


1988 


339.1 


584.0 


69.9 


45.3 


1,038.3 


1989 


334.5 


582.2 


69.8 


45.2 


1,031.7 


1990 


330.4 


579.7 


69.6 


45.1 


1,024.8 



Source: See text, p. 16^). 
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TABLE 7.5 

ESTIMATED SPACE BUILT AND SURVIVED BY 1975 
(Net Assignable Square Feet in Millions) 

A. Total Space 



Built 

Before Built in Total 

Built 1970 1970-71 1972 1973 1974 Stock 

1970 1,138.9 1,138.9 

Wl 1,133.9 ) ^ n.a. 

1Q72 1,129.6 ) ^20.0 1,240.6 

1973 1,124.5 119.8 53.0 1,297.3 

1974 1,119.8 119.6 52.9 40.0 1,332.3 

1975 1,115.1 119.4 52.8 40.0 40.0 1,367.3 

B. Residential Space 

1970 361 .5 361 . 5 

1971 359.9 ) ^ n.a. 

1972 358.5 ) ^^'^ 370.5 

1973 356.9 12.0 5.3 374.2 

1974 355.4 12.0 5.3 4.0 376.7 

1975 353.9 11.9 5.3 4.0 4.0 379.1 

C . Non- Residential Space 

1970 777.4 777.4 

1971 774.0 ) ^ n.a. 

1972 771.1 ) 879.1 

1973 767.6 107.8 47.7 923.1 

1974 764.4 107.6 47:6 36.0 955.6 

1975 761.2 107.5 47.5 36.0 36.0 988.2 



Source: See text, p. 172. 
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TABLE 7.6 

ESTIMATED SPACE BUILT BY 1975 AND SURVIVED TO 1990 
(Net Assignable Square Feet in Millions) 

A. Total Space 



Built 



Built 


Before 
1970 




Built in 




Total 
Stock 


1970-71 


1972 


1973 


1974 


1975 


1,115.1 


119.4 


52.8 


40.0 


40.0 


1,367.3 


1980 


1,088.4 


118.3 


52.5 


39.6 


39.7 


1,338.5 


1985 


1,058.9 


117.0 


51.9 


39.3 


39.4 


1,306.5 


1990 


1,024.8 


115.4 


51.4 


38.8 


39.0 


1,269.4 






B. Residential Space 






1975 


353.9 


11.9 


5.3 


4.0 


4.0 


379.1 


1980 


345.5 


11.8 


5.2 


4.0 


4.0 


370.5 


1985 


336.1 


11.7 


5.2 


3.9 


3.9 


360.8 


1990 


325.3 


11.5 


5.1 


3.9 


3.9 


349.7 






C. Non- Residential Space 






1975 


761.2 


107.5 


47.5 


36.0 


36.0 


988.2 


1980 


742.9 


106. S 


47.3 


35.6 


35,7 


968.0 


1985 


722.8 


105.3 


46.7 


35.4 


35.5 


945.7 




699.5 


103.9 


46.3 


34.9 


35.1 


919.7 



Source: See text, p. 172. 
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CHAPTER 8 
PROPRIETARY POST- SECONDARY SCHOOLS 

The number of students enrolled in vocational, non -degree, 
programs in predominantly non-profit institutions enumerated in 
REGIS has increased apace in each of the past three years. Concur- 
rently, enrollments in for-profit schools, most of which are not 
included in the survey, have either remained stable or declined. 
Preliminary results of a special study commissioned by NCES, which 
used a Current Population Survey sample to estimate eiiiollmcnts of 
adults past compulsory school age in private, proprietary trade and 
vocational schools, indicates a decline in total enrollment of some 
seven per cent between 1969 and 1971 . Even if one were to allow for 
the imprecision of the sample survey, there is very little evidence 
that the demand fnr vocational training has spilled over into the profit 
sector. On the contrary, it appears that the proliferation of publicly 
subtiidized programs has arrested the growth of the proprietary schools. 
The recent financial difficulties of some correspondence schools with 
a national following arc witness to this trend. As best as can be 
determined from the above-mentioned survey, 1,4 million students 
were enrolled in proprietary schools as of 1971. Roughly a third 
were taking courses by correspontlence and did not require formal 




instruction space. It is difficult to estimate the full-time-equivalent 
load for the remainder of the students, since many participated in 
more than one program. Our best informed estimate is some 600 to 
800 thousand PTE students, based on the median number of class 
hours . 

Advantages of Proprietary Schools 
Proprietary school owners whom we interviewed are quite 
upsei about the unfair competition of tax-subsidized vocational 
programs, which offer substantially the same training as proprietary 
schools. The recent trend in the post- secondary sector to encourage 
"open admission" programs for all high school graduates has further 
shrunk the market for proprietary schools which have catered to 
students of sub-post secondary ability. 

The advantages of proprietary schools are still maintained in 
a few cases: (1) where specific technical training is required, 
{2f wnere students opt for short training courses and try to avoid 
being burdened by general educational requirements, and (3) where 
the placement function is extremely important. 

In such fields as data-processing and electronics, a number 
of schools --some affiliated with major industrial companies, others 
free- standing --have carved themselves a niche in the post-secondary 
sector by offering up-to-date, practical training. In many cases. 
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especially in the case of data-processing schools » their appeal to 
students is based both on their technical competence and promises 
of job placement. Following an investigation of the Federal Trade 
Commission, the promises of jobs have been de-emphasized in the 
publicity of some schools, and hence the power of their advertising 
appeal h«is been reduced. 

More narrowly focused schools, teaching a given cluster of 
skills and little else, have also been prominent in the proprietary 
sector. Besides auto-mechanic schools, scliools for welders, etc., 
such schools as the ones for medical assistants and beauticians have 
had fairly narrow-gauge curricula which appeal to strictly vocationally 
oriented students. 

There is considerable controversy surrounding the quality of 
schools which train medical and laboratory assistants. The associa- 
tion of non-profit, university- or hospital -affiliated schools has 
claimed that the recruitment or proprietary medical technical schools 
is haphazard (the public relations representative of the non-profit 
association promoted a story on the front page of the Washington Post 
by enrolling her dog in one of these schools), that the courses are 
substandard, and arc taught by a part-time faculty. Operators of 
proprietary schools, in reply, have mustered data about successful 
career stories of graduates. Whether the criticism of these schools 
is relevant or not, it has certainly limited the popularity of this type 
of school. 
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Finally, secretarial and commercial schools are probably the 
epitome of the third type of school, where placement services are 
most important. As placement services of junior colleges improve, 
it is quite likely that these schools, too, will be threatened. 

Character of Proprietary Schools 
The proprietary school sector, with a few exceptions of 
nationally franchised or large- company schools, is truly competitive, 
marginally profitable, and characterized by a high rate of entry and 
exit. For instance, there were 5,019 proprietary schools in 1971.^ 
A survey of a sample of these schools in 1973, conducted by the 
National Commission on the Financing of Post-Secondary Education » - 
failed to contact roughly 30 per cent of these schools, leading to the 
strong presumption that they were out of business. 

As of 1971, proprietary schools were distributed as follows* 
423 were technical/vocational, 161 were technical institutes, 940 were 
business and commercial, 1,475 were schools of cosmetology, 
1,332 were flight schools, 112 were correspondence schools, 47 were 



1 Adapted from Table 3, p. xix. Directory of Post-Secondary Schools 
with Occupational Programs, 1971 , U.S. Office of Education/ 
National Center for Educational Statistics (Washington, D. C: 
Government Printing Office, 1973), as cited in Financing Post- 
Sccondary Education in the F.ast (Quarter of the Twentieth Century , 
the report of The National Commission on the Financing of Post- 
Secondary Education. 
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hospital schools, and 509 were trades schools. An additional 20 were 
classed as "other." 

Of the 1.4 million adults enrolled in these schools, some 
400 thousand were enrolled in part-time correspondence courses, 
and studied at home. Nearly half of the remaining students, 
47S thousand, attended classes in a buildinv>, dedicated to instruction; 
some 320 thousand were housed in commercial buildings; with the 
remaining 20 per cent receiving instruction in a wide variety of 
locations, most of them not specified. 

Most proprietary schools are smalK With the exception of 
technical /vocational and technical institutes, where the average 
enrollment is somewhat above 400 students, the majority of other 
schools have FTE enr^'Ilments of around 200 stud onto, e.g., 
secretarial and trade schools, or 100 or less, as is the case with 
cosmetology and hospital schools. Hence, the amount of space 
required per school is not very large. 

Kcquirements for Spac. by Type of School 
In the case of the technical/vocational schools, two appear in 
the IIEGIS survey: the RCA Institute and the New York institute of 
Technology. These are fairly large institutions with between 30 to 
50 square feet per ITE student. Recently Bell & Howell constructed 
two model technical training facilities with capacity for roughly 
2,000 students each. I'oity square feet per student were provided. 

iZ4 



New York State has collected statistics on 23 proprietary 
schools which have been approved by the State. Most of the schools 
arc either business/secretarial or teach data-processing. The 
average number of square feet per student there is roughly forty, 
as well (see Table 8.1). 

Other state departments of education, although they license 
and inspect proprietary schools, do not keep records of facilities. 
Hence, the estimates of space for cosmetology and hospital and 
medical technicians is not readily available. Telephone inquiries 
to the offices of larger schools listed in telqphone directories of 
three large cities did not elicit very specific estimates. As nearly 
as we could determine, cosmetology schools run two shifts, and, if 
enrollments were up to capacity, could accommodate students in 
30 square feet per student. Medical technician schools, according 
to the statement of a franchiser and the operators of another school, 
require some 45 square feet of space per student. In all cases, we 
were told that roughly two-thirds of the area was for instructional 
space, and the rest for administrative space. 

Availability of Space for Proprietary Schools 
One of the principal difficulties of determining how much space 
is either required or available for proprietary school students is the 
great reticence of school operators to give information to a study 



225 



195 



financed by any level of government . Our conversations left the 
definite impression that junior college vocational programs were 
seriously undercutting the market for these schools. This situation 
was well recogniised by the operators , who implied that they had 
more capacity than students. 

Similar conclusions can be drawn from a four-city study of 
current enrollments and operating capacity of four types of 
proprietary schools conducted in 1971.^ In the case of office, 
computer, and technical schools, the capacity was, on the average, 
some forty per cent above enrollments. In health schools, the 
capacity was nearly three times the enrollment (see Table 8.2). 

Table 8.2 shows mean and median enrollments, as well as 
mean and median capacities. As a general rule, the median school 
has fewer students than the average school, and the median capacity 
is higher than the mean capacity. This statistic leads one to deduce 
that there is more underutilized capacity in the smaller schools than 
in the larger ones . This conclusion is buttressed by the observation 
that die schools with the smallest average enrollment, the health 
schools, have the greatest unused capacity. It would seem that the 



^ Jean M. Wolman, Vincent N. Campbell, Steven M. Jung, James M. 
Richards, A Comparative Study of Proprietary and Non -Proprietary 
Vocational Training Programs. Volume I , American Institutes for 
Research, Palo Alto, California, l^inal Report under Contract 
No. OI£C-O-70-5018. 
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unfavorable competitive situation of proprietary schools has affected 
small schools more severely than the larger ones. 

Can Space Standards Be Established for Proprietary Schools? 

The above-mentioned study of vocational training programs 
compared programs in proprietary and non -proprietary schools. The 
findings of this study are that the two sectors have different approaches 
to their missions. The non -proprietary sector stressed remedial 
instruction in basic skills, while the proprietary schools emphasized 
hands-on, laboratory experience. As a general rule, classes in 
proprietary schools were smaller, and the proportion of time spent 
in laboratories was greater than in non -proprietary schools. The 
most striking deficiency of facilities in proprietary schools was in 
the library sector. Little library or study space was provided in 
proprietary schools. 

It appears that the instructional facilities of proprietary 
vocational schools arc adequate for their programs. It is not at all 
clear that library and study space are really needed by students, 
given the hands-on character of the programs offered. The evidence 
on this score is equivocal. A survey of hours of homework by 
students in proprietary schools indicates that a vast majority did 
have homework. Whether they would have benefited from study and 
library facilities is moot. 
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To summarize, the facilities of proprietary schools appear 
Spartan compared to those of the rest of the post-secondary sector. 
The 40 square feet per student, though, seem adequate for the 
missions chosen by these schools. There is little evidence about 
shortages of facilities; on the contrary, with stiff competition from 
publicly subsidized programs, the evidence points to an excess of 
capacity. This excess capacity may be further accentuated as 
enrollments decline, because roughly one ouc of five students finances 
proprietary school tuition with public funds, i.e., mostly Veterans* 
benefits. As the number of veterans declines, the enrollments in 
proprietary schools are likely to be affected even more adversely. 

Issues for Federal Policy 
The stock of buildings needed for proprietary instruction is 
not very big compared to the stock of buildings in the non-profit 
sector. Of the 600 to 800 thousand FTE proprietary school students 
receiving facc-ro-face instruction, at least 10 per cent (those in 
flight training) require no specialized buildings. Hence, no more 
than 2,5 - 2.8 million net availah'^ square feet are required to 
accommodate proprietary students. It appears that more space than 
is required by present enrollments is already in place. Also, if the 
same standards with respect to subsidy were in force for proprietary 
programs as arc currently in force with respect to scholarships, and 
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all programs of less than six months were ruled ineligible » at least 
80 per cent of proprietary programs would be outside the scope of 
any program. 

Small subsidies for acquisition or rental space will not remove 
the substantial competitive disadvantage which these schools have in 
relation to the subsidised public junior college sector. Higher tuition 
fees in the public sector would have to be introduced to remove this 
disadvantage. 
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CHAPTER 9 
COST OF CONSTRUCTION 

Increases in costs of construction have been abundantly 
documented in a number of publications. Undoubtedly » the cost of 
building, which has increased apace during the past decade, will 
continue to grow. The College Management building index (repro- 
duced in Table 9.1) shows that the cost of erecting a standard college 
facility has risen by 75 per cent in the course of the past ten years. 
This index behaves roughly in the same manner as the Department of 
Commerce composite construction index. Both indexes have grown 
faster than the cost of living by about one per cent a year. 

Difficulties of Forecasting Future Construction Costs 
The future costs of building depend not only upon the behavior 
of the general price index in future years, but also on practices in 
the construction industry, and on the health of the construction 
industry itself. In th< ourse of the past two years, the Productivity 
Council has actively negotiated with craft unions to permit stream- 
lining of practices at building sites. Also, high interest rates and 
shortages of mortgage funds have depressed the volume of new 
lOusing starts. Both of these developments tended to arrest the 
growth of construction costs , Building costs increased somewhat 
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slower in 1972 and 1973 in relation to the cost of living as compared 
to the previous period. Whether recent price increases of lumber 
and other construction costs will reverse this trend is not known. 

The influence of the type of building erected on the cost of 
construction may result in variations of costs per square foot even 
more drastic than those which result from variations of the price 
levels. Different types of buildings cost differing amounts to build. 
Cheapest among post -secondary buildings arc garages, next are 
dotiiiitorics; instructional buildings in 1972 cost slightly more than 
the average, while laboratories and, especially, medical facilities 
were most expensive of al\ (see Table 9.2). During a given year, the 
varying mix of buildings completed or contracted for can affect prices 
paid per square foot quite drastically. 

In addition to variations in cost by type of building, variations 
in the type of construction can affect the cost of new space, whether 
the construction is that of a brand-new building, or an addition to an 
existing building. A priori , the cost of additions should be a fifth 
less per square foot. In fact, a considerable number of additions of 
minimal space cost two or three times as much per square foot as 
new buildings. Follow-up of these anomalies revealed that in those 
cases considerable rehabilitation of existing facilities was included 
in the price of the project. 
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An analysis of the College Management tape revealed that 



variations of cost per square foot by projects state by state, or 
within urban areas of a group of states, vary quite drastically. A 
detailed analysis of costs could not be undertaken because differences 
between average costs were not statistically significant. 

On the other hand, there is no doubt that regional price 
differences exist. It appears that the highest costs are incurred in the 
Northeast and in West Coast states, while the lowest cost experience 
is in the South. Costs in Midwestern and some Mountain states fall 
in between these ranges (see Table 9.3), 

Nevertheless, even when results for groups of states are 
aggregated, the year-to-year variations, as shown in Table 9.3, are 
quite random. They may be due to a variety of causes: differences 
in the types of buildings, variations in specifications, tightness of 
the local labor market, etc. 

The large variations in costs of similar buildings, say 
classrooms, is staggering. In 1970-72, some classrooms were 
completed at a cost of $17 - $22 per square foot, while the average 
cost per assignable square foot of classrooms exceeded $40 - $45. 
Equally wide variations were recorded in costs of dormitories. 

The pioneering work of the Educational Facilities Laboratory 
(EFL), which has documented the savings made possible with pre- 
fabricated, m(xlular buildings, is not widely accepted. The desire to 
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harmonize the architecture of new buildings with the old, the desire 
of college presidents and donors to erect unusual and interesting 
buildings, the increasing trend to involve faculty, students, and even 
community agencies or individuals in the planning of campuses have 
conspired to limit the acceptance of ••fast-track" modular buildings, 
EFL personnel argue that, by the time a new facility is ready, a 
significant part of the faculty which planned it will no longer be 
employed by the institution. The turnover of students and the change 
in the composition of community leaders' priorities between the 
planning period and occupancy is likely to be even more drastic. 
EFL claims that custom-planned buildings are built for phantoms, 
since the cycle of planning, consultation, and subsequent custom 
building takes some three years to complete from inception to 
occupancy. 

Probable Levels of Construction Costs 

The average cost of a square foot of assignable space exceeded $52 
in 1973. With inflation at a high level in 1973-74, it is probable that 
space contracted for in 1974 will cost some $57 a square foot. 

The current consensus among economists is that inflation will 
continue at five per cent or so a year, and it is quite likely that 
sliortages of cement, steel, and lumber will push prices of building 
up faster than the inflation level, with average costs rising at six or 
seven per cent a year. 
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As more and more construction is concentrated upon library 
and laboratory buildings » the actual costs to colleges may be five or 
ten per cent higher than the actual trend indicates. The considerable 
Jump in average costs per square foot between buildings completed 
in 1972 and 1973 and those planned in 1973 partially reflects this 
shift. It will be remembered that the majority of buildings completed 
during these years were contracted for three years earlier. 

Costs of Rehabilitation and Refurbishing 
If our pessimism about the future levels of enrollments 
proves correct, the major effort of most campus planners will no 
longer be centered upon expanding or building new campuses, but 
will be mostly concerned with rehabilitation and refurbishing. 

The Norris Committee estimated that roughly 10 per cent of 
the plant as of 1968 needed rehabilitation. We interviewed four state 
space planners, several officials charged with a given public 
institution's facilities, and half a dozen private school planners, and 
came away with a slightly different impression. We concluded that 
no more than five per cent of the public sector plant was substandard. 
However, proportions varied considerably from campus to campus. 
Thus, the New York City public and private plant was in much worse 
shape than facilities elsewhere. 

Part of the substandard plant in the public sector consisted of 
older dormitories and, often, of smaller buildings, mostly wood or 
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stucco, which were taken over by the college as the campus expanded. 
Many of the older dormitories were being razed, and some of the 
smaller buildings which were used to house small research groups 
were also being abandoned, as support for research programs was 
drying up. We were surprised to find that a number of temporary 
buildings had bce» refurbished for special purposes --a laboratory on 
some campuses, an art studio on others --and were considered by 
their occupants as superior to alternative accommodations in more 
recently erected structures. 

The extent of non- maintenance in major state systems is 
negligible. Roofs, safety railings, etc. , were kept in good repair. 
The skimping, or stretch-out, between replacements was mostly on 
marginal items such as painting, hardware (especially windows and 
blackboards), and to some extent ground maintenance and cleaning. 
Some progress was being made in mechanizing these last two functions, 
and a considerable cost savings realized. 

The problems most often cited by campus planners which 
related to desirable rehabilitation of buildings were more fundamental: 
(1) some buildings built as late as the 1940*s do not meet current 
standards for wiring and fire resistance, and (2) a number of science 
laboratories need jnodcmization. In some disciplines where research 
tecliniques were fast-moving, laboratory layouts had become obsolete. 
The need to modernize them is quite urgent. 
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After consolidating our notes of field visits, and applying the 
factors to facilities in all the public sector, we arrived at the con- 
clusion that probably two per cent of the space in the public sector 
would require drastic refurbishing. Probably another two per cent 
will become obsolete by the end of the 1980* s. 

Our consultants estimated the cost of refurbishing buildings 
at $23 to $30 a square foot, or between 50 and 75 per cent of the 
cost of new construction. If these figures are accepted, some $800 
million at current prices could be needed for major refurbishing. 
Some of this refurbishing may never talce place, however, because 
older buildings may be demolished rather than refurbished. 

In the private sector, the need for rehabilitation is less 
clear-cut. The average age of buildings is much higher than in the 
public sector. Also, a number of financially hard-pressed schools 
have greatly neglected maintenance. In some schools, roofs have 
been under maintained, resulting in damage to the structures. Stories 
of bad plumbing and overage boilers in the heating plant are also 
commonplace. Painting, minor maintenance, and cleaning are 
generally at a lower standard tlian in the public sector. 

Private sector space planners believe that some ten per cent 
of the value of the plant should be spent to bring it up to snuft, and 
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that roughly one per cent a year from there on should be spent on 
renovations. We were rather surprised by the consistency of these 
estimates coming from space planners in what appeared to be both 
well- and under-maintained campuses. In fact, while the cited 
backlogs are of the same magnitude, the objectives for refurbishing 
differed. The space planner from the under-maintained campus 
cited as his priorities heating, roofing, and painting. The priorities 
on the well -maintained campus were mostly in the area of remodeling. 
In the opinion of the administration and faculty, classroom buildings 
needed remodeling to provide additional office, research, and 
specialized library space. By our modest standards, there were no 
shortages of any kind of space on that campus, and considerable 
money would be saved in the long run by calling in the bulldozer 
rather than the architect. 

Conclnsion 

During our field work, we saw little evidence that the drying 
up of federal funds affected construction decisions, except in the case 
of one medical school. Nor was there any evidence that shortages of 
funds affected the architectural plans of different schools. In certain 
instances, space planners complained about the slowness and 
inflexibility of state agencies in approving expenditures of funds. By 
contrast, federal facilities personnel received high marks for their 
understanding and cooperation in the past. 

« 
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Despite the high regard for federal personnel in local planning 
circles, their influence on determining space standards was minimal. 
Also, the lip service given to planning educational facilities in a given 
area did not bring cooperative ventures into being, ei'dier in 
construction or operation of facilities, by different entities of public 
systems or between public and private schools. 
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TABLE 9.1 

IfiDEXES OF CONSTRUCTION COSTS AND 
COST OF LIVING INDEX 

(1957-59 = 100) 





College 
Management 
College Building 
Index 


Department of 
Commerce 
Composite Index 


BLS 
Cost of Living 
Index 


1963 


109.9 


109 


106.7 


1964 


112.6 


112 


108.1 


1965 


115,7 


115 


109.9 


1966 


119.6 


119 


113.1 


1967 


124.0 


125 


116.3 


1968 


130. f 


131 


121.2 


1969 


139.7 


142 


127.6 


1070 


149.7 


152 


135.2 


1971 


159,2 


153 


141.1 


1^)72 


168.8 


164 


145.7 


197:^ 


177.0 = 


177** 


154.3** 



* Estimated 
*v July 



Source: Coilctrc Management . June/July 1972; Department of 

ComriK rce ;ind Bureau of Labor Statistics Cost of Living 
indices: julapted from Staiisticai Abstract of the United 
StMtes, 1972, and Survey of Current Business . Idem . 
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TABLE 9.2 

INDEX OF FACILITIES COSTS BY TYPE 

(Average Cost per Square Foot of Construction Projects 
Started in 1970-1971 by All Institutions of Higher 
Education in the U.S. - 100) 

Instructional Functions 



Educational Laboratory 112 

Fieldhouse Gymnasium 76 

Instructional -Class room 96 

Instructional -Laboratory 102 

Library 98 

Teaching Hospital 152 

Research Functions 

Agriculture 89 

Astronomy 131 

Biological 112 

Chemistry 132 

M-^th and Statistics 110 

Physics 132 

Other Physical Science 119 

Social Sciences 102 

Dentistry 157 

lingineering 108 

Medicine 141 

General Functions 

Administrative Building 99 

Auditorium 90 

College Union 93 

I'ood l^acilities 99 

Garage -Vehicles 26 

Office Building 104 

Theater 119 

in 
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TABLE 9.2 (Cont'd) 

INDEX OF FACILITIES COSTS BY TYPE 

(Average Cost per Square Foot of Construction Projects 
Started in 1970-1971 by All Institutions of Higher 
Education in the U. S. = 100) 



Residential Functions 

Married Student Apartments 75 

Men's Residence Hall 77 

Women's Residence Hall 68 

Coed Residence Hall 83 



Source: "1971 Index; Campus Construction Costs Continue 
to Rise," College Management , June 1971, p. 9, 



ERIC 



245 



TABLE 9.3 



COST PER S(^UARE FOOT OF COLLEGE CONSTRUCTION, 

BY REGION 



Region ' 
1 

2 

3 

4 

5 

6 



8 



1972 
Completed 

Cost Per 
Square Foot 

40.67 
45.05 
37.77 
37.72 
32.55 
29.98 
28.65 
28.89 
55.36 
39.03 



1973 
Completed 

Cost Per 
Square Foot 

59.06 
53.51 
45.81 
32.14 
33.39 
30.19 
39.84 
35.83 
42.62 
43.36 



1973 Starts 

Cost Per 
Square Foot 

62.21 
76.09 
50.43 
30.95 
47.15 
33.79 
51.13 
36.64 
51.13 
52.22 



Total 
1972-1973 

Cost Per 
Square Foot 

55.34 
57.45 
44.87 
34.14 
37.47 
31.66 
42.64 
33.90 
49.80 
45.26 



*Regions are as follows: 



Region 1 



Connecticut 
Maine 

Massachusetts 
New Hampshire 
Rhode Island 
Vermont 



Region 2 

New Jersey 
New York 
Pennsylvania 



Region 3 

Illinois 
Indiana 
Michigan 
Ohio 

Wisconsin 
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TABLE 9.3 (Cont'd) 



COST PER SQUARE FOOT OF COLLEGE CONSTRUCTION, 

BY REGION 



Region 4 

Iowa 

Kansas 

Minnesota 

Missouri 

Nebraska 

North Dakota 

South Dakota 



Region 5 



Delaware 

District of Columbia 

Florida 

Georgia 

Maryland 

North Carolina 

South Carolina 

Virg'nia 

West Virginia 



Region 6 

Alabama 
Kentucky 
Mississippi 
Tennessee 



Region 7 

Arkansas 
Louisiana 
Oklahoma 
Texas 



Region 8 

Arizona 

Colorado 

Idaho 

Montana 

Nevada 

New Mexico 

Utah 

Wyoming 



Region 9 

Alaska 

California 

Hawaii 

Oregon 

Washington 



Source: 1973 Cost of Building Statistics, College Management , 
June/July, 1973 
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CHAPTER 10 

NEW TECHNOLOGIES AND NEW ATTENDANCE PATTERNS 

Projections of space requirements made on the basis of present 
instructional technologies or current attendance patterns can be 
criticized as being insufficiently imaginative, since they do not take 
into account the startling technological changes which have taken 
place since the middle of the twentieth century. Many educators 
have argued that the impact of television, learning machines, and 
computers is likely to revolutionize higher education, and that the 
universities of tfie tv/enty- first century will be unrecognizable to 
today's students and administrators. The most radical advocates of 
change have repeatedly questioned the necessity of bringing together 
large numbers of young people on campus, and have advocated 
decentralized, home-based learning centers, which will do away 
with the need for college campuses altogether. 

After perusing a signilicant volume of literature on the subject 
of new technologies and new attendance patterns, we came away with 
a feeling of do) a vu about a large number of topics. The literature 
in the past 20 or 30 years is replete with announcements of brave new 
experiments wliich will revolutionize the post-secondary sector. The 
institutions in which these experiments were started ten or fifteen years 
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ago are indistinguishable today from the stick-in-the-mud institutions 
which continued in their conventional way. Time and again, when 
the failure of an experiment is reviewed, the optimism for its success 
is not dampened, and hopes for one more technological breakthrough 
which will allow the technique to become operational are voiced. 

Experiments to change drastically the form or content of 
post-secoadary instruction, in our opinion, have floundered for two 
different reasons: (1) their applicability was limited, and (2) their 
costs were high. Most technological innovations were pioneered in 
rich institutions, with either foundation or government moneys. The 
attempts were directed to improving the course content and teaching 
techniques, rather than to reducing the cost of material. Thus, the 
institurions which had to watch their budgets did not participate in the 
development of new technologies and could not use them, while those 
which did had little regard for financial constraints. 

In addition tc these institutional rigidities, as long as 
development costs remain high for course materials using advanced 
technologies, such as computers, a number of other stumbling blocks 
are in the way of the acceptance of drastically different instructional 
technologies: 

(1) There is no set national curriculum for post- secondary 
subjects. Different schools adapt course content to 
both their students and the whims of the instructor. 
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(2) The caliber of students beD\'een one school and the next 
is drastically different. Individualization of instruction 
may be successfully programmed for M.I. T. students » 
but will not satisfy students at N.Y.U. with S.A.T. 
scores 200 points lower than those at M.I.T. 

(3) The priority for the presentation of material may 
change in disciplines subject to a knowledge explosion, 
or to fads in a discipline where fashions rather than 
the scope of knowledge determine the scope of the 
course work, and destroy the considerable investment 
which was required to prepare the course material 
for presentation with new technology. 

Finally, most discussions of new technology ignore the 
function of post -secondary institutions as either socializing, or 
"aging-vats, " or milieus for learning. Most technologists assume 
that it is sufficient to merely present the information covered in post 
secondary courses in order to have it absorbed by the student. The 
reinforcement effect of living or communicating with other students 
is generally discounted. 

It lias been claimed that the lecture method, once popular in 
Greece, was reinvented during the Renaissance, when dissemination 
of knowledge on a larger scale became popular once again. In the 
absence of chcup materials, conversational instruction was an 
economic necessity. It is amazing that the invention of printing, and 
the distribution of cheap printed materials did nothing to reduce the 
popularity of the lecture method. Are new technologies, such as the 
computer, television, and the tape or video cassette so much more 
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powerful than printed matter in breaking the educational system out 
of its traditional mold? 

The Computer 

The computer is a versatile tool with awe-inspiring potential. 
It has a number of uses in post- secondary education, some of them 
more likely than others. At the very outset, one ought to distinguish 
the role of the computer as (1) a device for computing or record- 
keeping, (2) a tool in the complex called "computer-assisted - 
instruction," and (3) as a manager of the learning process. 

A Device for Computing or Record- Keeping . Besides the 
administrative functions performed by a computer for the non- 
academic function of the university, computers are used in both 
research and instruction. A large number of post- secondary 
institutions teach their students to use the computer in solving 
problems given as part of their course work. Generally, the 
laboratory space provided for both science and arts students includes 
a provision for a remote terminal, usually placed in the corner of 
a laboratory. 

The computer at the other end of the terminal may be 
located in the given institution or at some remote location. With 
considenible economies of scale, the remote computer serving a 
number of campuses is likely to become the exception rather than 



the rule. If one were to assume 15 minutes of computer terminal 

usage per student per week (a rather generous estimate based upon 

the experience of a pioneering engineering school), with 50 hours a 

week availability, a terminal location of 50 square feet is needed for 

each 200 students. This is not enough space to worry about. 

Computer- Assisted Instruction . Space for being taught by 

computer is another matter completely. It is conceivable that as 

many as four or five hours a week could be spent at a computer 

terminal by students participating in a heavily computerized program. 

Thus , as much as five square feet per FTE student could be required 

for that purpose. 

Unfortunately, the prospects for CAI do not appear to be 

very promising. Wits have remarked that anything can be done with 

CAI at ten times the conventional cost. More serious analysts have 

had the following reservations:^ 

"Computer -assisted learning: very poor, to date, 
as a replacement for textbooks or paper-programmed 
instruction for original learning of most material on 
a cost-benefit basis. Highly worthwhile, if the 
programs arc well-developed, in allowing students 
to test their understanding of material or explore 
the effects of certain choices in a simulated world 
rcprosented by a computer model." 



John 1\ Kockart, **A Method for the Integrated Use of Learning 
Kcsourccs in Education," The Journal of Higher iLducation , 
Vol. XLIV, No. 4 (April 1^73). 
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A promising development at the University of Illinois » 
called PLATO (programmed logic for automated teaching operations), 
which uses a sophisticated display and late model equipment, is said 
to deliver course material at the cost of $0.60 to $0.80 an hour, as 
nearly as we can deduce net of development costs. The effectiveness 
of this material versus conventional material on a per>hour basis is 
now being tested. Because of high fixed costs, the power of the 
computer, etc. , the system will only be a success if it is adopted 
widely. If it is, to remain competitive, it will require higher 
utilization of computer stations, and will not require any more space 
than conventional instruction. 

Currently, there is a great division of opinion about the 
future of computer -assisted instruction in institutional settings. All 
cost -conscious administrators are even less optimistic about the use 
of cable television for transmitting course material than they are 
about the use of CAI on the premises of post- secondary institutions. 
The cost of sophisticated terminals in the home is likely to remain 
prohibitive for at least the next decade, and possibly the next two 
decades. The slow inroads of cable television are unlikely to speed 
up development of such a terminal either. 

Manager of the Learning Process . The computer has also 
been used as a device to schedule and retrieve audio-visual materials 




for use in other technology -supported learning situations. It has been 
used to locate the right tape or audio-visual cassette for the student. 
Sometimes a small process -control type computer has been used for 
that purpose, at other times this additional task has been performed 
by a powerful administrative or research computer. In neither case 
has the space for that purpose been significant. A time-shared, 
interactive, computer -controlled television system (TICCIT) is 
currently under development. 

Audio Devices 

Language laboratories and tape-recorded lectures have been 
around for a long time, and probably have reached the peak of their 
acceptance. Audio centers are found in four out of five campuses. 
They are usually small, and employ no more than five full-time- 
equivalent staff members.^ Space requirements for them have been 
provided above. Schools with courses on cassettes, e.g., Michigan 
State I'nivcrsity, where 3,000 cassette stations average 100 hours a 
week, still require the same amount of space. 

Audio- Visual Devices 
The use of audio-visual devices, be they television programs 
or audio- visual cassettes, appears to be much more widely discussed, 

1 "Audiovisual: 1^70-71," College Management , October 1970, 
pp. 12-13. ^ 
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especially since easily accessible video cassettes became 
technologically feasible a few years ago. The National Science 
Foundation is sponsoring a study of their utilization, and subsidizing 
part of the production cost of materials. It is too early to pre- judge 
the results of this experiment. 

Up to now, though, instructional television has failed to catch 
on in post -secondary institutions. A lecture on film is deadly dull. 
Some of the best teachers are "cut down to size" by the television 
tube. The possibility of instant replay on a cassette may be less of 
an advantage than most persons believe, as the continuity of the 
exposition is destroyed. Unless special programming is developed, 
and the lecture process is adapted to the requirements of television, 
little progress is likely in that field. 

The experience of pre-schocil educators, who e^^ended over 
$2 inillion for 'Sesame Street," has not been internalized by post- 
secondary institutions, who still put substance over presentation, 
and are hence out of step with the requirements of the new video 
technologies. 

General Commenr s 
The pre-conditions for automation in the industrial world 
are (1) uniformity of the quality of raw materials, and (2) long 
prodiictitm runs. In a general way, the same pre-conditions must 
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be met by educational institutions before they adapt new technologies 
for their use. As long as the level of ability of students is not 
differentiated and specified by developers of programs, replication 
of successes with programs developed in one institution will not 
occur in other locations. Second, in order to iustify the high 
development costs of most programs using advanced technology, a 
general consensus must be reached about course content and the 
usefulness of a technology. Third, as institutions of higher education 
pride themselves on their differences, it will be much more difficult 
to arrive at a consensus on either of these two topics. This consensus 
will certainly not be established until both the costs and the effective- 
ness of the new technologies are indisputable. Much in the present 
climate of academic penury conspire.^ against a revolution in teaching 
techniques. The easy supply of faculty, the increasing concerns of 
tenured faculty about the security of their jobs, and li:-^ probable 
slower growth in total enrollments are likely to retard the acceptance 
of even proven techniques . The groves of academe are unlikely to 
shed their leaves and sprout antennas and radar towers for computer 
data transmission in the near future, at least not in the next 10 tc 
15 years. 

The exposition in this chapter that few drastic innovations are 
on the horizon reflect the current consensus. A Delphi study by the 
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National Center for Higher Education, Management Systems at 

WICHE, did not expect any major changes to occur before the end 

of the decade. The findings of the panel are reproduced in Table 10. X. 

Nor can considerable succor for the advocates of change be 
obtained from recent surveys of the Carnegie Commission on Higher 
Education. In a curious, loosely structured compilation by Roger £• 
Levien, The Emerging Technology; Instructional Uses of the Computer 
in Higher Education ,^ the compiler regards CAI as an emerging tech- 
nology, which will not gain wide acceptance until the end of the decade, 
since program development is still in its incipient stage. The cost 
benefit of the computer-aided instruction is certainly attractive, 
according to Levien, if (1) the projected costs decline as much as 
Levien forecasts, and (2) if program development costs are not 
excessive. 

After completing this review, we became aware of a technical 

report, also sponsored by the Camegie Commission on Higher 
2 

Education. T:iis repori substantially used the same materials as 
we did, and can be used to document some of our findings. For 
instance, our survey of innovative institutions did not uncover striking 



McGraw-Hill Book Company, New York: 1972. 

Ann Hess, An Inventory of Academic Innovation and Reform . 
C^anicgic Commission on Higher Education, Berkeley, California: 



1973. 
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differences in space. Space usage is not even mentioned in the above 
cited discussion of innovative institutions. Findings about shortening 
the B.A. period, outside credit by examination and work experience, 
etc., document the slight impact of these innovations on the 
2,500 post-secondary institutions. 

In summary, the general consensus of observers, both 
sympathetic and unsympathetic, is that innovation is unlikely to 
change the character of demand for space in the post -secondary 
sector. On the contrary, attempts to innovate will probably decline 
in the future as excess space becomes available. Some of the modest 
attempts to provide more flexibility to dispense post-secondary ser- 
vices through weaning the student from the campus are likely to be 
discontinued. Probably by 1990 the post-secondary sector will be no 
different than it is today. 
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CHAPTER 11 
HOW MUCH SPACE IS REALLY NEEDED? 

Introduction 

There is no generally accepted method of determining the 
amount of space required to accommodate a stated number of full- 
time-equivalent students. The most obvious uncertainties surrounding 
estimates of required space were described in Chapter 4, Assump- 
tions had to be made about the type of program to be offered, the 
type of supporting facilities, etc. These assumptions may change 
drastically as the character of students changes, and more students 
attend vocationally oriented programs. Chapter 4 also stressed that 
the amount of space depends not only on the mix between graduate 
and undergraduate students, but that institutions enrolling a higher- 
than-average proportion of full-time students will probably need 
more space than institutions with more part-time students. In 
Chapter 6, it was also pointed out that, at least in universities, the 
available non- residential space varies considerably from institution 
to institution, depending upon the emphasis on physical and biological 
sciences. 

The extent of support facilities per PTE student also varies a 
great deal between institutions. We documented large variations in 
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assignable space per full-time or full-time-equivalent student in 
library, office, and other non- residential space categories. To some 
extent, these variations were caused by the character of the institu- 
tion. Schools with important research commitments accumulate 
large book collections. These collections take a great deal of space 
to house, and consequently the storar;e and study space in these schools 
has to be above average. 

Variation;-? in the amount of office space are less closely tied 
to the characteristics of the school. Again, research -oriented 
schools provide reasonably elaborate facilities for their faculty. By 
contrast, most junior colleges up to now have placed a low priority 
on facilities for the use of faculty. Some junior college administrators 
still believe that two-year college instructors do not require more 
space than high school teachers. These administrators are now in 
the minority. As more emphasis is placed on counseling, and the 
general drive to "professionalize" two-year college faculties gains 
strength, more elaborate facilities for junior college faculty are 
planned. We do not wish to pass judgment en rhe cost/effectiveness 
of this trend, but just note, in passing, that the research activity in 
most schools is trivial, yet office facilities, at their optimum, are 
fairly similar in rcsearcii and non-research schools. 

riie variation in ancillary facilities is most pronounced, and 
the standards of what is adequate even more of a gray area. Some 
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institutions, mostly private schools and large state universities, are 
practically self-contained enclaves offering, besides instruction, 
culture, shopping, food, and housing. Others, especially newly 
established state four- and two-year colleges, are no more than 
embryos of schools, with classrooms, laboratories, and inadequate 
office and library facilities, with ancillary buildings still in the 
planning stage. It is possible to argue that these schools should 
remain underdeveloped, from a facilities point of view, and be 
re-oriented to cater to the fast-growing numbers of episodic, non- 
degree, vocationally oriented students. 

The estimates of probable demand for ?pace in this study 
are not based upon any radical thoughts about the restructuring of 
college campuses. Our survey of innovative activity has convinced 
us that no drastic change is anticipated by either campus planners 
or administrators. Instead, we have tried to apply imaginatively the 
modest standards developed in this study to develop a series of ^ 
alternative targets. These standards, it will be remembered, are 
based upon existing; practices. Implicitly, they also assume some 
upgrading in junior college facilities, and provide for facilities equal 
to those of similarly situated students in four-year schools. The 
standards reflec t the consensus about what modest but adequate 
facilities ought to be. 
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As 0 general rule» the standards provide for less space than 
the average available in most institutions tcxlay. This discrepancy 
may be due to two causes: (1) the standards do not make any allow- 
ances for specialized facilities in medical schools and certain 
technological, agricultural, or scientific programs, and (2) actual 
avaiiiibility of space reflects the recent overbuilding of some 
campuses, which were planned for higher enrollments than those 
whicti actually materialized. Since campus building is not divisible, 
campuses are built for the potential estimated enrollment, rather 
than the enrollment which is recorded the year new construction is 
completed. 

Factors derived from data in the Appendix to Chapter 5 leads 
us to believe that space required for technological programs may add 
some nine per cent of the overall inventory. This figure is used in 
projections in Table 11.1. 

it is also our conviction that very little, if any at all, additional 
space is required for the private sector. Undoubtedly, new buildings 
will be erected tliere. In some instances, administrators feel com- 
mited to a new building, e.g., a student union at Syracuse. In other 
instances, private scliools receive large donations which allow them 
to improve their facilities, e.g., the grant from the Fairchild 
Corporation to build a science tower at Columbia University to 
imitate the C-ummings tower at the University of Chicago. In other 

cas 
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words, we believe that construction will continue in the private 
sector because most private institutions will build as much as they 
can afford. 

A much more interesting question, from the point of view of 
policy, is the extent to which some of the excess space in the private 
sector can be transferred to the public sector. Some of these 
transfers are already happening, as the uptown New York University 
campus and the Brooklyn facilities of Long Island University have been 
sold to the City system. Other schools, especially private junior 
colleges, have large excesses of space by most standards, and it is 
quite possible that some of the space could be acquired by the public 
institutions, either by absorbing private schools, just as the University 
of Buffalo or the Upstate Medical Center in New York were absorbed 
by the State system, or through purchase of excess space from 
institutions. Estimates of future space requirements for the public 
sector, to which the rest of this chapter is devoted, will not take into 
account these transfers, since there is no way to forecast this trend 
objectively. 

We shall now turn to a discussion of possible methodologies 
which could be used to estimate space needs in the public sector. 
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Methodologies 

The most common methodology (and the most unsatisfactory 
one) is to multiply the space standards by the number of full-time- 
equivalent students. It assumes that if enough space is available to 
meet standards, available space is adequate, and variations of 
assignable square feet per student are due to program differences. 
Space standards multiplied by PTE students would provide a reasonable 
estimate of space only on condition that no excess space existed in any 
institution. With excess space in any one institution, shortages must 
exist somewhere else. Because the methodology is widely used, it is 
discussed below. 

A somewhat more reasonable way of reckoning future space 
needs is to estimate the amount of space required to accommodate 
additional students who will be attending public institutions. This 
method assumes that existing space in 1970/71 was, on the average, 
adequate (which it was), and tiiat additional construction will be 
channeled to eliminate shortages, and schools with surplus space 
will recruit students to fill the available spaces. Despite the fact 
thiit these c ^sumptions are somewhat optimistic, they are not 
unwarranted, and an estimate reflecting them is also shown below. 

By far tlic most reasonable estimate requires more complex 
calculations. To provide adequate space for all students, it is incum- 
bent first to eliminate shortag»-^s in schools which are currently short 
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of space; and second, to provide space for increased enrollments. 
Some of the space for additional students is likely to be provided in 
schools with mt ^e space than the average, where presumably 
facilities in place were planned for larger enrollments. An estimate 
of required space using these postulates is presented below. 

Finally, it can be argued, albeit not very convincingly, that 
space shortages will be eliminated only if the relative advantage of 
space- rich schools is allowed to continue in the future. Thus, in 
order to bring space-poor schools up to the standard, available space 
in all schools has to be increased. 

A discussion of each one of these methodologies follows. 

Sufficient Space to Meet Average Standards 
By Fall 1971, the public sector already had 529 million 
assignable square feet in place. (There were roughly 504 million 
square feet in the Fall of 1970. ) If a contingency of ten per cent of 
the overall inventory were placed on our standards, roughly 
650 million square feet would be required at peak enrollments in 
1980 if our high estimate of enrollment is accepted, and 540 million 
square fc'ct if the low estimate is accepted. With construction 
continuing to contribute some 40 million square feet in the course 
of tlie next few years, it is likely that these targets will be easily met. 

If this projcvtion is used to determine demand for space, and 
construction contracted for since l-all 1971 (some 140 million 

o 
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assignable square feet, of which 95 to 105 million square feet will 
go to the public sector) is added to the surviving stock, a shortage 
of space is impossible under the low projection, and is unlikely with 
the high projection of students, on condition that a modest number of 
building contracts continue to be let (see Table 11.2). 

Providing Space for Additional Students 
This is a very straightforward estimate. The increase in the 
number of l-TE students in both the high and low enrollment projections 
are multiplied by the space standards. This exercise produces addi- 
tional space requirements of between 90 and 195 million square feet 
by 1980/85. Again, given present construction rates, it does not 
seem that shortages in space will develop (see Table 11.3). 

Eliminating Shortages and Building New Schools 
The estimate to eliminate shortages was calculated as 
follows: all campuses in quartiles with space less than the standard 
were assumed to aild space equal to tlic standard. For instance, if 
a group of public universities had less than 89.8 square feet per 
WE student, tlie difference between the average space and 89.8 was 
multiplied by the number of l- Tli stu Jents to derive the space 
shortage. We cstimatetl that the space shortage was 20 million 
nssignnblc sqii.ire feet (sec Table 11.4), with the lion's share of it in 
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other four-year schools. This amounts to less than four per cent 
of the available space. 

In addition, with this methodology, space must be provided 
for universities, other four-year schools, and two-year schools to 
increase their size to accommodate new enrollments. Also, 
provision is made for a small number of new campuses to be 
established, in accordance with the assumptions stated in Chapter 3. 

A table was constructed to calculate the additional space 
required for a school where enrollments would grow. It was assumed 
that, on the average, allowing for technical programs, eight per cent 
more space than in our standards ought to be made available in 
universities, five per cent in other four-year schools, and twelve per 
cent in two-year schools. Thus, a university with less than 
10,000 PTE students likely to enroll between 10,000 and 20,000 FTE 
students by 1^80 was assumed to require additional space to house the 
average number of FTE students enrolled in the larger category of 
school. The number of assignable square feet already available in 
the most space- rich schools was subtracted from the estimated space 
required. This method provided estimated requirements of between 
89 to 193 million additional assignable square feet to accommodate 
I'TE students by 1^)80 (see 1 able 11.4), 
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Increasing Averape Space Proportionately 
Although it may sound both unreasonable and wasteful, the 
possibility that average space sliould be increased proportionately 
for all schools in such a way that schools in the lowest quartile attain 
the minimum standard of space makes a great deal of sense In 
practice. Just as we have been unable to change drastically the 
income distribution of the population, and the reduction of the number 
of persons at the poverty level has been achieved only by raising 
everybody's income, it may also be impossible to allow schools with 
inadequate space to catch up to the admittedly modest standards 
without allowing the space-rich schools to increase their facilities 
as well. In other words, the estimates below give an indication of 
the extent of affluence needed to eliminate poverty in space. 

These new "standards" have been derived by multiplying 
current averages of space by type of school by the ratio of the 
standard derived in this study by the actual space in the lowest 
quartile falling below the standard. The space in other quartiles was 
increased accordingly, Tor instance, if the space standard was 
50 square foct, and the space in the lowest quartile was 25 square 
feet, it is: presumed that adequate space standards in all space-poor 
schools would noi be achieved until the space 'n all schools would 
double. 
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The space requiremen^-s using the above assumption are 
shown in Table 11.5. 

Economies of Scale 

We have been unable to find in the literature any consistent 
justification of larger amounts of space per full-time or full-time- 
equivalent student for smaller campuses. Perhaps small campuses 
are not planned, they jusi happen. Hence, there is little literature 
on their needs. Nevertheless, institutions catering to commuter 
populations in the public sector, as well as a number of smaller 
schools in the private sector, have existed for a very long time, and 
do perform reasonable, specialized functions to selected segments 
of students. In some cases, it appears reasonable to allow more 
space per pupil in a small institution because of the tradition of the 
school or the services it provides to a local community. 

In the case of universities, once small divinity schools are 
eliminated, and research institutes such as the Rockefeller University 
or M.I. T. ignored, variations of available space per FTE student are 
not significant either in the public or private sectors. Among other 
four-year schools, both public and private, the differences in available 
space are quite striking. For instance, other four-year schools in the 
public sector with less than 2,500 enrollment have half again as much 
space as thosf in the 5,000 to 10,000 range. In the private sector, 
even wider discrepancies are registered. 
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Chart 11,1 shows the average square feet per FTE student 
for both other four-year schools and two-year schools. (We would 
suggest that the experience of small private junior colleges be ignored, 
since the space available there is not representative. Many of these 
schools are operating larger campuses than they want to, becau 'o 
their enrollments are declining.) If the slope of the two curves is 
averaged out, we would come to the conclusion that schools with 
less than 1,000 FFE students need roughly twice as much space, 
those between 1,000 and 2,500 FTE students about 50 per cent more 
space, and those between 2,500 and 5,000 FTE students some ten 
per cent more space. 

The adjustment to space standards developed by this study for 
public institutions in 1980 appears in Table 11.6. The adjustment 
would vary slightly from year to year, because we have assumed a 
different distribution of institutions over the next 20 years. Because 
1980 is the peak year for enrollment projections, it is reasonable to 
assume that, with present management tcciiniques, some five to 
seven per cent more space than is provided by standards will be 
required in otiier ft)iir-year schools, and some 25 per cent more in 
two-year school.^. 

Available Space and Needed Future Commitments 
The anioLinr of total non- residential space which will be 
available in the peri«xi 1975 to W9() was estimated in Chapter 7. 
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Below, we break down these estimates into space likely to be in use 
in the public and private sectors. 

The starting point for the allocation was the inventory as of 
Fall 1971. At that time, 64.6 per cent of the non- residential space 
was accounted for by the public sector, and 35.4 per cent by the 
private sector. In the four years 1968 through 1971, the increment 
in -he stock of non- residential facilities was 72 per cent to the public 
sector and 28 per cent to the private sector. We believe that chis is 
a conservative estimate of the future increment of stock by sector. 
The proportion is more likely to be 85 per cent for the public sector 
and 15 per cent for the private sector, if the impressions gained 
from our field visits are to be trusted. Yet, in the interest of 
conservatism, we have adopted the 1968/71 experience. If we were 
to assume that an additional 36 million squaie feet of non-residential 
space would come onstream in 1975, to be added to the figures 
reproduced in Table 7.5 (a conservative estimate in the light of 
1972/73 building starts), the total projected committed stock in the 
public sector, after providing generously for retirement, is likely to 
amount to the following: 



1975 



678 million assignable square feer 



1980 



664 



19«5 



649 



1990 



622 
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These figures Include non-class laboratories, approximately 
39 million assignable square feet. 

Thus, the available non- residential space dealt with by this 
study, with no further starts, would be equal to 639 million square 
feet in 1975, declining to 627 million in 1980, 614 million in 1985, 
and 587 million in 1990. 

If this study's standards, adjusted for technical programs and 
size of school were to be adopted, the required space requirements 
for the high projection would be met with current commitments 
through 1980, and would require only six million square feet of 
construction for the period 1980-1985. With no further construction, 
the system would have sufficient space through 1990. 

Only under the assumption that present surpluses are allowed 
to persist, and space is provided for additional students with extra 
space allowances for technical standards and additional space for 
smaller schools, will the inventory be in balance in 1975 with the 
high enrollment projection. After that date, modest additional 
construction amounting to nine million square feet a year in 1975-80 
would be sufficient to make up the future stock. Construction needs 
after that date would be equally modest. 

If we were to use our preferred method of projection, that of 
eliminating shortages, as well as providing adequate space for new 
institutions, space already committed in tiie public sector would be 
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sufficient to accommodate the low projection and leave 77 million 
square feet over, even after an allowance for an effective utilization 
for small schools. Additional availability of 14 million square feet 
per year during 1975-1980, about one-third the present rate, would 
be required during that period. The results of the various projections 
are summarized in Table 11,7, 

Games Planners Can Play 
Our survey of facility planning and existing facilities has 
convinced us that there are few hard and fast rules about necessary 
space for post- secondary students. We believe that certain minimum 
adequate standards can be derived, and we have done so in Chapter 4. 
After applying these standards to existing space in 1970, we came to 
the conclusion that shortages of space existed mostly in laboratory, 
office, and study space in some institutions. 

Apparently these perceptions were shared by campus planners. 
The share of space added in these categories between 1968 and 1971 
was far in excess of the store of space each type of use claimed 
during the earlier time period. Space in short supply was added to 
faster than space in other categories. This finding ought to give 
heart to those who believe in the rule of reason (see Table 11,8). 

By contrast, the earlier conclusions of the Norris Committee, 
also supported by our study, that private four-year institutions already 
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had a plethora of space, was not taken to heart. Non- residential 
space in every category of private schools was added to between 
1968 and 1971. 

One game which planners can play is to calculate how much 
space for public students can be made available by taking surplus 
space off the hands of the private sector. For instance, in 1970 the 
average private junior college student had 280 assignable square feet ( 
at his disposal. Generous standards would put the requirements at 
not much over half this figure. Given the space standards derived 
by our study, if half the private junior college space were reallocated 
or rented to public junior colleges, some 200 thousand additional 
FTE students could be accommodated. 

Similar calculations about the amount of "stock" which could 1^ 
be transferred from the private to the public system could be made 
to estimate the extent to which the system could be challenged to 
absorb additional students in case enrollment projections turned out 
to be too low. As a matter of fact, since it will be difficult for 
schools to add to their staff if there is a sudden surge in enrollment, 
and the number of students accommoilnted depends on the ratio of 
staff to students, an even larger number of students could probably 
find places tlian simple averages would indicate. 

To summarize, under most conceivable circumstances, the 

total space available for post -secondary students is, in the aggregate, 

** 
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adequate. To minimize future construction, transfers of space from 
the private :o the public sector should be encouraged. Perhaps 
arrangements for joint use of space by public and private institutions 
could be encouraged and institutionalized. 

The building boom, which reached its crest in real terms in 
the late 1960's, is already on the wane. The decline in construction 
levels is not likely to jeopardize admission opportunities for most 
students. If the low projections of enrollment describe future trends, 
it is most likely that after 1975 most institutions will only spend 
construction money to refurbish and modernize their plant. 

And the Concerns of Space Experts 

Tht large fluctuations of actual space available either per full- 
time or full-time-equivalent student in the U. S. post -secondary system 
makes it difficult to draw any conclusions about the possible redistribu- 
tion of space from schools which have much too much space by all 
objective standards to other schools which have very little space. Most 
schools with excess space would not dream of sharing it with another 
institution. The comingling of classrooms, library and other facilities 
of a small liberal arts college with that of an open -enrollment junior 
college is abhorrent to most college presidents. We spoke about this 
possibility to three highly placed Administrators in institutions with 
declining enrollments, and met with little enthusiasm for our sugges- 
tion about sharing facilities. 

877 

o 

ERIC 



247 

The spinning off of part of a campus, especially if the campus 
is not too closely connected to the part of the space which is reduced, 
appears to be much more acceptable to private sector administrators. 
By contrast, public sector administrators are less happy to inherit 
"second-hand" facilities. The CUNY takeover of the New York Univer- 
sity Uptown Campus was greatly resented by both the administration 
and faculty of the institution which was to be housed there. Not only 
had they been deprived of planning a new campus , but they also claimed 
that the classrooms in the N.Y .U. complex were too small to accommo- 
date the large classes scheduled by the public institution. In that par- 
ticular case, considerable pressure from the State Department of 
Education, concerned with N.Y.U.'s financial survival, was needed to 
have the City of New York agree to the takeover. 

Without these pressures, it is quite likely that a number of 
campuses of failing schools, like Parsons College, will remain empty 
and will be razed. Our estimates of withdrawals space generally 
assume that for every college abandoned, one will be taken over. Thus, 
for instance, Nova College in Florida is very likely to become part of the 
state system, and some other school become the site of a housing develop- 
ment. 

The real concerns of space planners are directed to three other 
topics: (1) to what extent can they accommodate unanticipated peak 
demand through renting, (2) how Ja ge will their exposure be to the 
needs of remodeling and refurbishing, and (3) how will space planning 
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be affected by a surplus of space rather than a shortage. 

There are no hard and fast answers to any of these questions. 
We already mentioned that renting is not likely to be a possible alter- 
native for any but urban schools. The costs of renting, it was implied, 
were generally higher than those of building, and the facilities less 
satisfactory. Renting a vacant school, factory or office building is not 
likely to play an important role in providing available space. 

The exposure to the needs for refurbishing and remodeling are 
a different matter indeed. To some extent they are related to the 
possibility that too much space will be available, and competition be- 
tween schools for students will escalate. Buildings which have not 
acquired the parina of age" which make them charming, and which have 
been indifferently maintained by slapping innumerable coats of cheap 
paint, are not likely to become beloved by students. Judging by the 
age of buildings, a fifth of the public sector inventory, and probably 
two-fifths of the private school inventory could benefit from cosmetic 
refurbishing. In addition to cosmetic refurbishing, the pressure to 
improve laboratory amenities may be quite high as schools compete 
for students. While the amount of space involved may not be large, 
the costs of this refurbishing estimated by heads of three large state 
systems at S40 a square foot, including equipment, may loom quite 
high. 

What is really uncertain is how much of the space needs the 
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ministering of the architect, and how much would be better off if it 
were bulldozed. In the absence of a national policy for training needs, 
no estimates can be made of what the refurbishing requirements might 
bfc. It should be pointed out, though, that the penury of the post- 
secondary sector, especially of private institutions, could only be 
marginally eased by subsidies or loans made on easy terms to renovate 
buildings. 

By contrast, the possibility of a "space bank," with buildings 
to be purchased by the federal government and held till the need for 
them arises, would probably appeal to a large number of institutions. 
L?nfortunately, since shortages are not on the horizon, this policy is 
unlikely to be implemented. Nor are alternative uses obvious for these 
buildings. In some cases, the classroom and laboratories could be 
used to house a regional high school, say one specializing in art, music 
or mathematics and science. Unfortunately, the idea o^" educational 
parks, with the concomitant divorce of students from their neighbor- 
hoods, has not caught on, and such uses are unlikely to be p'^pular 
locally. Perhaps, a federal push to encourage them may be rimely, if 
the idea of a space bank catches on. 

rinilly, a word may be appropriate about the impact of a oleth- 
ora of space on rhe behaviour of institutions. Physical amenities may 
play a role in attracting students froin one institution to another. Under 
these circumstances, the refurbishing of private institutions' plants 
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to keep them competitive appears to make sense, if one wishes to main- 
tain the diversity of tiie post-secondary system. LTnfortunately, since 
the greatest disadvantage of the private sector is the high tuition which 
most of the schools must charge in the absence of state subsidies, 
small relief from capital refurbishing outlays will not erase their com- 
petitive disadvantage. It is difficult to envisage a federal policy, 
limited to facilities, which will redress the competitive balance between 
private and public schools. The federal role in the post -secondary 
sector must now concentrate on other issues, not bricks and mortar. 
It has been successful in the construction area in providing this country 
with a post-secondary plant second to none. As times change, so do 
concerns . 
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CHART 11.1 

S 'ARE FEET OF NON-RESIDENTIAL SPACE PER 
FTE STUDENT BY ENROLLMENT SIZE 




• i : 

i ■ L._ ' -i- 

1,000 5,000 10,000 

Enrollment Size 
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2.2 Private Other Four-Y^ai Schools 



3.1 Public Two- Year Schools 

3.2 Private Two- Year Schools 
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TABLE 11.4 

SPACE RR(^UmED TO ELIMINATE SHORTAGES AND 
PROVIDE FOR GROWING CAMPUSES, 
PUBLIC SECTOR 



1975 1980 



IMiversitics 


\jOVf 


High 


Low 


High 


Shortages 


4.9 


4.9 


4.9 


4.y 


New Campuses 


8.6 


26.3 


55.0 


141.0 


Subtotal 


13.5 


31.2 


59.9 


145.9 


Other Four- Year Schools 










Shortages 


10«4 


10.4 


10o4 


10.4 


New Campuses 


r>. 0 


inn 


1 1 n 




Subtotal 


16.0 


20.4 


21.4 


30.6 


Two- ^ cur Scliools 










Shortages 


5.6 


5.6 


5.6 


5.6 


New Campuses 


4.2 


^).8 


6.2 


11.1 


Subtotal 


'KS 


1.).4 


11.8 


16.7 


Petal Space RccjuireU 


39 . 3 


67.0 


93.1 


193.2 



Source: See tc\t, p. 237. 
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TABLE 11.6 

PER CI'NT OI- ENROLLMENTS IN PUBLIC SECTOR SCHOOLS WITH 
FEWER THAN 5,000 FTE STUDENTS, AND ESTIMATED 
EFFECT ON SPACE REQUIREMENTS, 1980 

Extra Space as 



Other Four- Year Schools 
Less than 2,000 
2,500 to 5,000 

7 5 



Two -Year Schools 



Less thanl,0(K) 


7 


6 


7 


6 


1,000 to 2,500 


34 


25 


17 


13 


•?,500 to 5,000 


25 


37 


_2 


J_ 








27 


23 



Source: llliGIS V. 



Per Cent of FTE Per Cent of 

Enrollment Total Space 

Low High Low High 



10 
20 
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TABLE 11.8 

NON-RESIDENTIAL SPACE ADDED BETWEEN FALL 1968 

AND FALL 1971 



Per Cent 

Public Sector 72 

Private Sector 28 

Classroom iq 

Laboratory 26 

Study II 

Office . 22 

Additional Space as 
Per Cent of 1968 Space 

Total Sp .^ce 57 

Public Sector 58 

Private Sector 41 

Classrooms: Public Sector 54 

Private Sector 32 

Laboratories; Public Sector 81 

Private Sector 58 

Office: Public Sector 93 

Private Sector 64 

Study: Public Sector 77 

Private Sector 64 



Source: U. S. Department of Health, Education, and Welfare, Office 
of Education, National Center for Educational Statistics, 
Inventory of Physical Facilities. Institutions of Higher Education. 
Fall 1968, Government Printing Office, Washington, D.C., 1970, 
also. Fall 1971 . Government Printing Office, Washington, D, C„ 
1973. 
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APPENDIX TO CHAPTER 5 
ANALYSIS OF AVAILABLE SPACE BY TYPE OF SCHOOL 



While the general analysis of space throws some light on how well 
institutions are endowed with different facilities, a better under- 
standing of how the space is distributed may be garnered by discussing 
space availability institution by institution. 

Public Universities 

It will be remembered that public universities were divided 
into three size groups. The first size group contained all universities 
with less than 10,000 enrollment. In the case of full-time enrollment, 
this group covered 54 public university campuses. When full-time- 
equivalent enrollment cut-offs of 10,000 were set, the number of 
universities covered was 49. The second size group, with enroll- 
ments between 10,000 and 20,000 full-time or full-time- equivalent 
students, contained 58 universities when the full-time-equivalent 
students were used to estimate tiie cut-offs, and 43 when full-time 
students were used to calculate the group. The largest group, that of 
universities with over 20,000 enrollment, contained 22 universities 
with more than 20,000 PTE's, or 15 universities with more than 
20,000 full-time students. Because part-time students do not play a 
very large role in those institutions, the available space calculated 
by either method did not vary too much. For instance, in the case 
of the smallest group, the total non- residential space for full-time 
students was 142 square feet. Similarly, in the smallest size group, 
it was 132 square feet for full-time-equivalent student. In the second 
group, the total non -residential space amounted to 126 square feel 
per full-time student, and 114 square feet per full-time- equivalent 
student. In the larger size group, the differences were equally small. 
Per full-time student, they were 154 square feet, and per full-time- 
equivalent student, 124 square feet. 

The differences were much more pronounced when universities 
were grouped by quartile in ascending order of space. In the univer- 
sities most poorly provided with space (with enrollments of less than 
10,000), H2 square feet per full-time student were available. This 
figure declined to 74 square feet on an PTE basis. By contrast, those 
universities in tlie same size group most generously endowed with 
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space (in the upper quartile of the distribution) had as much as 
213 square feet per full-time student, and 132 square feet per FTE. 
The divergences were practically as large in the next size group 
(10,000 to 20,000 students). The space available was 84 square feet 
per full-time student, and 73 square feet when the group was arranged 
per FTE for institutions in the lowest quartile. The universities in 
the fourth quartile, by contrast, had 185 square feet per full-time 
student, and 164 square feet per FTE. The number of campuses in 
the larger-size group is too small to be broken down by quartiles, 
but even there the relationship between the universities with lots of 
sp ice and those with little was equally wide. 

In the case of class and laboratory space, the differences 
between space- rich and space-poor campuses was very much less 
pronounced. In the smaller university campuses, the difference in 
the availability of classroom space per full-time student between 
the lowest and the top quartile was on the order of 50 per cent. -The 
greater disparities were in the available space in laboratories. 
There, practically three times more space was available in the 
better -provided institution as compared to those in the lowest 
quartile. 

Variations in classroom space availability between the low 
and top was even less among the second-largest group. Roughly 
11 square feet were available in the lowest quartile of the institutions, 
and some 14 square feet in the highest quartile. The lab space in the 
institutions with more space was not quite twice as much as it was in 
institutions with the least amount of space. On the basis of space 
standards, it appeared that the shortages in classrooms were 
probably felt in one -half of the institutions in the lowest quartile. 
When it came to lab space, given the rather generous standards 
adopted in Chapter 4, all the institutions in the lowest quartile were 
somewhat short of labs. The conclusions stated above are not changed 
at all by looking ac full-time-equivalent enrollment statistics for 
these twc kinds of space. 

In the case of office space, the figures calculated on a per- 
student basis showed very wide variations within each size group. 
In the case of the smallest universities, vihen office space was cal- 
culated on a full-ilme-student basis, the variations were more than 
three to one between the best -endowed and the least -well -endowed 
college. In the second group, the ratio of office space per student 
in the top quartile was twice that in the bottom quartile. Quite 
significant variations In office space per full -time -equivalent student 
can also be Inferred from the appropriate tables. 
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As we had occasion to point out, the measure of office space 
per eitiier full-time or full-time-equivalent student is truly an 
approximate one and does not reflect the true needs of the institution. 
A better measure is the office space per total professional employed 
on a given campus . niis figure appears at the bottom of Appendix Tables 
5 . 1 to 5 . 3 . The variations in space available measured this way are 
much narrower. The a/ailable office space per professional varies 
between 200 and 286 square feet in the smallest institutions, and 
between 200 and 276 square feet in the second group. It averages 
290 square feet in the largest universities. Apparent shortages 
disappear because the available office space appeals to be directly 
related to the staffing pattern of a given institution. From novy on, 
only this measure will be mentioned in discussions of space in 
other institutions. 

When it comes to study space, which includes stack space for 
the collections, reading rooms, and library administrative space, we 
can expect variations of some five or six square feet per FTE, 
because of the varying sizes of collections in different institutions. 
The actual variations, either on a full-time-equivalent or full-time 
basis, are just oiightly larger than this amount in the smaller uni- 
versities, and approximately six feet in the second size group. 
Under most conceivable circumstances, it seems likely that at least 
V quarter of the institutions do have shortages of study space. Either 
their collection is not housed as well as it ought to be, or, what is 
much more likely, if our field trips are at all representative, most 
institutions are short of seating space for students in libraries. 

The largest variations were, of course, in the space for which 
there is no set of established standards. Thus, availability of special 
use space per student varies in ratios of four to one among smaller 
universities. The variation is equaJly great whether one uses full- 
time or full-time- equivalent students to derive available space per 
student. As wc liave pointed out previously, the amount of space in 
that category depends a great deal on the commitment of the school 
to football. A lot of special use space is used in stadiums and 
iithlctic facilities. Under the circumstances, we feel again that 
probably there are shortages of space in the bottom auartile of 
small institutions, and possibly a less -pronounced shortage in 
institutions which arc in the second size group. A small number of 
institutions in the larger size group also havo very little special use 
space, less than cen square feet per full-time-equivalent student. 
Th')se are probably also candidates for additional facilitie'; if it is 
believed important to improve their amenities. 
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In the case of general use space, the variations are wide, but 
not as wide - they are roughly two to one. Probably, again, only a 
quarter of the universities do not have sufficient general-use space 
to mount an impressive program of cultural activities. 

We are less sanguine about commenting on the differences in 
support space. Some schools did not report any support space at 
all. Yet, the variations from the schools vihich did report it are 
still roughly two and a half or three to one, depending on how well 
the school is endowed with space, 

A special note should be added here on the non-class lab 
space, namely that space which is put aside for special laboratories, 
most of them utilized in research. The variations from campus to 
campus in this type of space are truly astonishing. Generally, 
schools under 20,000 enrollment have, on the average, some 
l.*^ square feet per full-time student in this type of space. Yet, the 
variation between types of schools is startling. In the small size 
group, the schools in the lowest quartile have less than four square 
feet of research space, and those in the upper quartile have as 
much as 27 square feet. In the top size group, the variations are 
between less than six to more than 25. The largest schools, with 
over 20,000 enrollment, have an average of 26 square feet of lab 
space per full-time student. Roughly one-quarter of small univer- 
sity campuses have as strong a research commitment per student 
as do large state public university campuses. 

Pi-ivate Universities 

There were 71 universities with 10,000 full-time students. 
When the 10,000 cut-off was applied to full-time-equivalent 
students, 69 of them still wt;re in the same category. Ten univer- 
sities reported information on both full-time and full -time- equivalent 
students, and are inclv.ded in the next largest group. Only three 
universities had enrollments of over 20,000 students. All three, 
Brigham Young, Northeastern, and Boston, were probably better 
classified as liberal arts schools with graduate departmentij than 
universities. It is interesting to note that, while the total amount 
of non- residential space in private universities, on the average, 
exceeds considerably the same space in private schools, the lowest 
quartile in each si:^e group is strikingly similar in both the public 
and private sectors. Thus, for universities with less than 
10,000 enrollment in the lowear quartilt of the space distribution, 
the uifferencL between public and private campuses is less than 
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seven square feet per full-time student, and less than four square 
feet per full-time-equivalent student. Private universities which 
have between 10,000 and 20,000 students enrolled and are in the 
lowest quartile of space availahility only h.ive six square feet 
more per full-time student than do the public universities. Coinci- 
dentally, these schools also appear to enroll a large number of 
part-time students. 

The profile of space distribution between both public and 
private universities in the lowest quartile is strikingly similar. 
The total amount of class and lab space is within two square feet, 
either on a full-time or a full-time-equivalent basis. Generally, 
the private universities appear to offer even more restricted Tii- 
oriented classes than Jo the public universities. 

In the office space category, private schools do have somewhat 
more space per full-time-equivalent student or per full-time student 
than do the public schools. On the other hand, when the comparison 
is made for office space per full-time-equivalent professional, the 
private universities appear to have five per cent less space than do 
the public schools , 

Quite striking similarities are also to be found in study space, 
special use space, and, to a lesser degree, general use space. Only 
in this last category, the private universities seem to be slightly 
better off than the publics. By contrast, they do appear to require 
somewhat less support space than the public institutions. 

If we were to judge the research orientation of private 
campuses by the space pool of non-class lab space, one could con- 
clude from them that they were not too different from those in the 
public sector. For i rivate universities with little space in the 10,000 
to 20,000 enrollment categories, there is similarity in the total 
availab'e lab space between them and the public schools. 

On the average, these schools also have the same amcint of 
office space per full -time -equivalent professional as do the public 
schools. In the upper ranges of the space distribution, private 
universiti'?s with less than 20,000 enrollment Iiad rou*j;hiy tvvice as 
much non-class lab space as did the publics. Universities which 
were rich in other space also had as much as two to four times 
more space dedicated to research as the publics. 
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Public Four' Year Schools 

The striking fact about public four-year campuses is that 
they are very much smaller tlian university campuses. In our 
sample, roughly 131 schools which reportal space had enrollments 
of less than 2,500 students. Another 94 schools had enrollments of 
fewer than 5,000 students, but more than 2,500. Sixty-three schools 
were in the category of 5,000 to 10,000 students. Only 12 schools 
had enrollments of between 10,000 and 20,000 students. 

Public four-year schools with enrollments of fewer than 
2,500 students full-time generally devote about 40 per cent of their 
space to class and labs. On the average, schools in the lowest 
quartile of available space have low levels of availability of lab 
space, but compensate by having more classrooms to offer other 
programs . By contrast, schools in the second and third quartiles 
of the space distribution allocated 30 per cent of their space for 
classrooms. Strange results were recorded in the upper quartile 
of space. There, schools again allocated roughly 40 per cent of 
their total space to both class and labs. The average space in 
space- rich schools was four times as great on a full-time student 
basis as in a space-poor school. Actually, the situation was some- 
what different if one looks at space availability on a full-time- 
equivalent basis. The schools in the upper quartile of space per 
student enrolled a large number of part-time students, and roughly 
half of their total enrollment was accounted for by part-timers, as 
contrasted to roughly 20 per cent in so-called space-poor schools. 
As a result, the difference of available class and lab space between 
the space- rich and the space-poor schools is much narrower; but 
space- rich schools still have two- and -a- half times as much space 
as the space -poor ones. 

Office space in space-poor schools fared even worse than 
the space-poor public universities, though, on the average, the total 
space per full-time professional in all the small schools was only 
ten per cent less than it was in the universities. It will be noted 
that the second quartile of schools had as much space per full-time 
professional as tfic lowest quartile of the universities. The upper 
quartile had roughly the same amount of s^iace as the upper quartile 
of the universities. 

The greatest differences in space available between space-rich 
and space-poor liberal arts colleges occurred in study, special use, 
general use, and support space. In the case of study space, the 
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lowest quartile schools had certainly inadequate facilities for study. 
They also had practically no special and general use space. In the 
upper quartile of space distribution, the public four-year schools 
tiad considerably more soace than comparable public universities. 
As a matter of fact, they rivaled in the amount of space with the 
smaller private universities. 

Public four-year schools with enrollments between 2,500 and 
5,000 students had strikingly similar characteristics to the ones 
which were somewhat smaller. In general, the average amount of 
space in the lowest quartile for class and labs was about the same. 
Office space availability was again the same. The laboratory condi- 
tions were even worse in those schools than in the small schools, 
but the special use and general use space were somewhat more 
generously provided. The relationship of available class and lab 
space per full -time -equivalent student between the space-rich and 
the space-poor schools was one and a half to one, as contrasted to 
two and a half to one in the smaller schools, which leads us to the 
belief or conclusion that the smaller schools were not yet fully 
built up and did not reach their desired enrollments. Office space 
availabilities were in excess of 200 square feet per total professional 
in all categories except the first quartile. 

When one looks at public four-year schools with 5,000 to 
10,000 full-time enrollment, one is struck by the fact that they, too, 
are somewhat short of lab space. They are also as short of offices 
as the rest of the schools, and their other lacilities are well below 
average, as well. The very large four-year schools are by far the 
poorest of the lot in terms of space. The lowest quartile barely 
meets the average standards for classrooms and labs on a full-time 
basis, although it is notiible that the availability of labs seems to be 
more generous than in smaller schools. Office space in schools in 
the lowest quartiics is no different than in other four-year colleges. 
On the other hand, library facilities are the poorest yet, roughly 
one-half of the standard suggested in Chapter 4. Special use, 
general use, and support space are practically non-existent. They 
are much below the levels of even the lowest quartile of the public 
universities. Tor instance, in the universities, special use, general 
use, and support space amount to 24 square feet, even among space- 
poor schools. In public other four-year colleges, they amount to 
approximately 12 square feet. 
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Private Four- Year Schools 

The majority of private four-year schools are extremely 
small. Some two-thirds of them have fewer than 1,000 full-time 
students enrolled. The proportion does not change much if one 
classifies the schools on the basis of full-time- equivalent students, 
either. As a general rule, the small schools, those with less than 
1,000 enrollment, appear to have sufficient space in all categories, 
with the possible exception of office space, where they provide only 
180 square feet per full-time professional. This is ten per cent 
more than what is available in the lowest quartile of public schools; 
however, it still may be somewhat inadequate* 

More should be said about schools with between 1,000 and 
2,500 full-time enrollment. These schools are roughly comparable 
in size to public schools with less than 2,500 enrollment. Here, 
the possible space shortages may occur either in labs or study space. 
The square feet available per total professional staff member, 
189 square feet, is fairly close to the standard, and is within the 
level of tolerance of the error in our standards. 

Private four-year schools between 2,100 and 5,000 full-time- 
equivalent students have roughly the enrollment of schools in that 
category in the public sector. They are deficient in lab space. 
However, they have sufficient classroom space to compensate for 
this deficiency in lab space, provided one is satisfied with the 
present structure of their programs. 

The two private schools with enrollments over 5,000 also 
appear to be weak in terms of their lab space. There do not seem 
to be any other shortages which are apparent in those schools. 

Public Two- Year Schools 

Public two -year schools have been divided into four size 
categories: those enrolling under 1,C€0 students, those enrolling 
between 1,000 and 2,500 students, those enrolling between 2,500 
and 5,000 students, and those enrolling over 5,000 students. 

Only schr^als with between 1,000 and 2,500 enrollment are 
short of direct instructional space, i,e, , classrooms and labs. 
Other schools seem to be fairly generously endowed with that space. 
Since so many of the junior colleges have been established recently, 
the square footage available for students in the third and fourth 
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qup.tile must probably be taken with a grain of salt. This is not the 
planned space per student, and the high figures recorded are due to 
the fact that the colleges are still quite new, and have not yet reached 
their programmed levels of enrollment. In this context, by comparing 
the space available in smaller and larger institutions, one gets the 
impression that, while study, special use, and general use space 
seem to be fairly adequate in at least three quarters of the public 
junior colleges with enrollments under 1,000 full-time students and 
in half oi the junior colleges with enrollments under 2,500 students, 
study space appears to be in short supply in all schools over 2,500 
full-time enrollment, as is all non- instructional type of space. 

With the exception of faculty members in the fourth quartile 
of schools with less than 1,000 enrollment, all the faculty and the 
professional staff in junior colleges seem to be meagerly provided 
with office space. In no case does office space exceed 210 square 
feet, with the exception of the upper quartile of the small schools. 
In the lowest quartile of all schools with enrollments under 5,000 full- 
time-students, the professional staff has under 185 square feet, 
sometimes as little as 100 square feet per full-time professional. 
These facilities are similar to th le in high schools, rather than to 
those in the rest of the colleges . 

Private Two- Year Schools 

Private two-year colleges, with the exception of two which 
have over 2,500 fuU-tirne-equivalent enrollment, are extremely 
small. Thus, only 11 of them have over 1,000 students, and the 
major proportion, som.e 170 campuses which reported this space to 
HEGIS, have less than 1,000 full-time-equivalent enrollment. With 
the exception of n few schools in the 1,000 to 2,500 category, it 
appears there is a sufficient amount of space for most activities in 
tiiose schools, with the possible exception of office space for faculty, 
which is poorly provided in the lowest quartile of the small schools. 

It is truly rcmarkaJDle that roughly half of the small private 
colleges have more space per full-time or full-time-equivalent 
student than universities. Probably it was not planned this way, but 
those are the schools which are suffering from large declines in 
enrollment as a result of the competition ot the public two-year 
institutions. Hence, the space in these schools which is considered 
excess cannot be considered useful space unless many of those 
institutions urc taken over by pubUc authorities. 
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There are two fairly large private two-year schools. They 
appear to offer very few facilities for technical courses, and cer- 
tainly skimp a great deal on all other amenities, be they office, 
library, or any other type of space. Most of the non- instructional 
space is in the general use category, apparently used for a variety 
of purposes, including classrooms, since otherwise it is rather 
unlikely that they could do with as little space as they have. 
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APPENDIX TO CHAPTER 6 
A STATISTICAL ANALYSIS OF SPACE AVAILABILITY 

The lack of clearcut results, based on the stratification of 
schools by type, control, and size prompted us to attempt a number 
of statistical analyses to explain the availability of the present stock 
of non- residential space as a function of enrollments, expenditures, 
staffing patterns, and orientation of the school measured by the 
number, level, and types of degrees granted. A special data file 
was constructed for this purpose. 

Description of the Data Base 
The data base consisted of data from various HEGIS surveys 
for the school year 1970-71, These surveys includea information on 
facilities, enrollments, staff, finances, degrees granted, and 
institutional characteristics or identifiers. Selected data elements 
frDin each of these surveys were consolidated by individual institution. 
In a niuiibor of cases, data trom one or more of these surveys were 
missing for an individual institution. Only those institutions which 
had coniplote ilata on vcich of these surveys were included in our data 
base. While roughly four per cent of ail campuses failed to repor\ 
space, some additional schools either did not report members of the 
faculty or >;ive any financial information, or both. In addition, some 
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schools did not report the degrees which they granted, and a few 
gave no report on their enrollment. As a result, the new data file 
which excluded these schools accounted for 6,2 million FTE students 
as contrasted to tlie estimated 6. 7 million FTE fall enrollment for 1970-71 , 
In other words, the reconstituted data file accounted for about 
92,5 per cent of the FTE enrollment. Since the objective here is 
to develop a data base for statistical analysis, completeness is not 
essential. Considered as a sample of the enrollment for 1970-71, 
this is a high degree of coverage and should be quite sufficient, 

A second (and more difficult) problem associated with the 
combination of the various segments of the HEGIS surveys was caused 
by the inconsistent bases on which a number of institutions reported 
in the various questionnaires. Whereas each survey requested 
information on a campus -by-campus basis, these institutions reported 
on an aggregate or all -campus basis. In order to merge the data on 
a common basis, it was necessary to aggregate the campus -by-campus 
data to the same level (all-campus basis) on which the other data were 
reported. Other problems associated with this effort included the 
identification of double reporting and the few anomalies encountered 
in the use of FICE codes (i.e, , neither did the same institutional unit 
always use the same FICE code, nor did the same FICE code always 
represent the same institutional unit). In a few cases (notably SUNY), 
data for a particular survey were aggregated for some of the campuses 
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and reported individually for others. There were approximately 
50 institutions for which this type of aggregation was necessary, 
mostly in the public sector. The number of data points by type, 
control, and size are shown in Table 6.1, The extent of the 
consolidation can be deduced by comparing that table with Table 3,2, 

A list of the data elements included in our data base is shown 
in Table 6.2, The number of elements is quite large, even after the 
highly selective extraction processes which were applied to the 
various IIEGIS surveys. The non- residential space is sub-divided 
into classrooms, laboratories, study, general use, special use space, 
etc. Enrollments are detailed by level- -undergraduate, graduate, 
non-degree credit, and first professional students (as well as the 
total)- -and in each category full-time, part-time, and full-time- 
equivalent students are retained separately. In the case of institutional 
employees, several kinds of staff variables were included as potential 
explanatory variables . These include the professional staff, the total 
staff, including both professional and uon- professional members, the 
instructional staff, and the instructional staff along with all other 
administrative personnel (this seems intuitively to be a sensible one 
in terms of office space). In cacli category, full-time, part-time, 
and full-time-equivalent numbers of staff were carried, 

I'hc financial data, besides including a large number of 
specific expenses, includes a computed amount equivalent to the 
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estimated instructional outlays. In effect, all revenues and 
expenditures from subsidi;ded research activities were netted out, 
as were revenues and outlays from subsidiary enterprises, e.g., 
bookstores, dormitories, etc. Only the outlays directly associated 
with the instructional function were aggregated with the net surplus 
or deficit from all other activities. Inclusion of this last balancing 
item was believed necessary to reflect the character and total activity 
of the institution or campus. 

The degrees granted are given by level of degree and by groups 
of disciplines or fields. The levels of degree include: two-year junior 
college degrees, bachelor's degrees, master's degrees, doctor's 
degrees, and first professional degrees. The discipline categories are: 
(1) agriculture and i elated sciences, (2) architecture and engineering, 
(3) life sciences (including health and medicine), (4) all other scien;es, 
and (5) all other fields of study. The various fields included within 
each group of disciplines are shown in Table 6.3. These groupings 
were constructed to aggregate fields with similar requirements for 
laboratory space per student station (see Chapter 2). Since it was 
shown that the required space for laboratories differed widely from 
discipline to discipline, it was believed that a good way to approximate 
space demand without multiplying unduly the nur.iber of space variables 
was to perform such a grouping of the degrees granted. 
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Methodology 

The objective of the statistical analysis was to identify a 
meaningful set of institutional variables which could be used to 
explain space availability. Various techniques of multiple regression 
analysis were employed to discover the relationships among the 
institutional splice variables and the candidate explanatory variables. 
These regressions were performed on data for groups of institutions 
by type, control, and size. 

I-irst, an attempt was made to explain the various tjrpes of 
space (Cvg., classroom or office space) individually as functions of 
student enrollnic^nt, total and by level, several measures of staff 
size, the types of degrees grante-i, total and by level, etc. These 
attempts did not produce significant correlations, and a decision was 
made to use only the total non- residential space as the dependent 
variable in all further analyses. 

The simple correlation matrix was computed for each of the 
institutional groupings by type, size, and control. An examination of 
tlicsc matrices indicated that generally the following variables were 
most highly correlated with ihe non-residential space variables which 
appeared in the original regression equations: (1) full-time- 
cqiiivalcnt enrollment, (2) full-iime-equivalcnt total staff, and 
(3) inrsiructional oxpcrnliturcs. Multiple regressions were run for 
each group in iui aitcmpt to explain the stock of total non-residential 



space with just these three variables. The results appeared most 
promising for the universities, and somewhat less than enlightening 
for other types of institutions. In these runs, each individual original 
institutional grouping was used separately, and in addition, some 
combinations of the different size groups were used. For example, 
in the case of public universities, the original size groupings used 
were: (1) less than 10,000 FTE students, (2) between 10,000 and 
20,000 FTE students, and (3) greater than 20,000 FTE students. 
Also, all universities with greater than 10, 000 FTE enrollment 
(groups 2 and 3) and all universities (groups 1, 2, and 3) were used. 
The results of these runs are shown in Table 6,4, While the multiple 
correlation coefficient (r2) for all public universities exceeds ,9, 
and was between .8 and ,9 for private universities, small public 
colleges, and large private colleges, the results for other institutions 
showed a much lower R^.^ A detailed examination of the size of 
individual coefficients and their associated standard errors indicated 
that in some cases, especially instructional expenditures, not only 
was the algebraic sign wrong, indicating that richer schools have less 
space, but the standard error associated with the coefficient was 



The multiple correlation coefficient, r2, is the fraction of the 
original sample varian::c explained by the regression equation, 
'I'hc fraction of the variance remaining about the regression 
equation is 1 - K^^ 
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larjicr than rlu* cocfficifnt itself. See, for example, the results for 
the* larger private colleges or most of the two-year schools in Tabic 6.4. 
I'he standard errors are measures of the confidence to be placed on the 
individual coefficients. When the standard error is larger than the 
ctu fficient, this indicates very little confidence in the algebraic sign 
of the coefficient, l^t alone its numerical value. When one coefficient 
in a r- gressiou equation is in doubt, the whole equation is in doubt, so 
that very little confidence could be placed in many of these regression 
eqn.itions. 

Kather than pursue tiiis course of attempting to find a common 
equation form which could be applied to all institutional groups, it 
appeared more reasonable to permit tlie regression equation form to 
vary from group to group in an attempt to find better regression 
equations to cxpliiin the stock of non-residential space. In the interests 
of rrficicn<:y, recourse was made to a step-wise regression process, 
which yields a nuiiibei* of different regression equations with little 
marginal cffoi i . riiis process chooses one variable, adding it to the 
regression cqu.ition, pr«)ducing a new regression equation at each step. 
The procedure is directed to insert certain chosen variables (high 
priority) in onlcr, after v/iiich it will choose certain other variables, 
depending on their indiviiiual potential contribution to the regression. 
By judicious choices of variables and the priority associated with each 
one, this procedure can be made to yield several meaningful 
reer^ssiou .•qiuiti(»nsg^'(^l-^jL'ach run. Typically, however not exclusively , 
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in the folJ owing runs the staff variable was inserted first, the 
enrollment variable next, the instructional e^qpenditures variable, 
if used, third, and the degrees granted variables last. These latter 
variables were entered on a common priority level so that the 
procedure was free to choose the most significant degree variables 
in order. 

The results are discussed below, and were chosen from the 
several hundred runs designed to explain total non- residential space. 
Since this analysis produces meaningless as well as meaningful 
equations, some discretion must be used in interpreting the results. 
The following criteria or constraints were used to distinguish 
meaningful from meaningless in this study: 

(1) The algebraic signs of the coefficients for the student, 
staff, and expenditures variables must be non -negative. 

(2) The correlation between so-called independent variables 
must be less than .90 (thus, the linear regression 
eauation relating the two lias a correlation coefficient, 
r2, of less than .81). 

(3) The standard error associated with each coefficient 
must not exceed one-half of the iibsolute value of the 
coefficient (this can also be phrased as an "F^" test, 
where the !• associated witli that coefficient must be 
greater than about 4 in the groupings used). 

(4) As a practical consideration, no more than ten indepen- 
dent variables were to be included in any regression 
equation. 

In the runs described bcJow, the primary variables used were 
full-timc-eqiiivalcnt enrollment, full-time-equivalent staff (total 
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professional plus non>professional)» instructional expenditures, and 
degrees by field and level. In addition to these variables » used in 
several different priority schemes, the following variations were 
evaluated: 

(1) Full-time staff was used in place of full-time- 
equivalent staff. 

(2) Pull -time enrollment was used in place of full-time- 
equivalent enrollment. 

(3) Full-time undergraduates and full-time graduates 
vcre used in place of full-time enrollment. 

(4) Instructional expenditures per full-time-equivalent 
enrollment was used in place of instructional expenditures. 

(5) In the case of junior colleges, the full-time under- 
graduates and full-time non-degree credit students 
were used in place of full-time enrollment. 

(6) Degrees by field only (i.e., all degrees regardless 
of level) were used in place of degrees granted by 
field and level. 

(7) In a number of cases, a logarithmic regression was 
attempted with a view to fitting a production -tjrpe 
function, i.e., the logarithm of non- residential 
space was used as the dependent variable (instead 
of non -residential space itself), and the permissible 
independent variables were the logarithm of full-time- 
equivalent staff, the logarithm of full-time-equivalent 
enrollment, and the logarithm of instructional 
expenditures. 

In some cases, these variations produced significant 

improvements, while in others they added nothing the correlations 

obtainable with our primary set of variables. 
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Results 

This section presents the better regression equations^ obtained 
in our attempts to relate total non- residential space to our explana- 
tory variables by type, control, and size of institution. In addition 
to those presented below, a large number of poor or meaningless 
regression equations were generated by our procedure. 

Universities . As a general rule, the world of institutions 
granting doctorates (universities) is the best-ordered of all. Despite 
the fact that in most instances the multiple correlation coefficient (r2) 
obtained was quite high, the form of the regression equation was not 
always enlightening. In this section, the results obtained for public 
universities are presented first, followed by the results for private 
universities. 



In Tables 6.5 through 6.25, the variables occurring in the right- 
hand sides of the regression equations are full-time-equivalent 
enrollment (PTE- ENR), full-time enrollment (FT- ENR), full- 
time-equivalent total staff (FTE-STF), full-time total staff 
(f'T-STF), instructional expenditures (EXP), and aegrees by 
field and level. Degrees are designated by D-FF-L, where FF 
denotes the field (AG = agricultural sciences, AR = architecture 
and engineering, LF = life sciences, OS = other sciences, and 
OT = other), and L denotes the level of the degrees (B = bachelor's, 
M = master's, D = doctorates, J = two-year degrees, and P - 
first professional degrees). In a few instances, undergraduate 
enrollment (UGR), graduate enrollment (GRS), or non-degree- 
credit enrollment (NCR) appear, prefixed by FT- or FTE- to 
denote full-time and full-time-equivalent, respectively. In all 
cases, the standard error associated with each coefficient is given 
in parentheses below the coefficient. Space and expenditure variables 
are in thousands of square feet and thousands of dollars. 
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1. Public Universities with Less than 10»000 FTE Enrollment 
In the case of the smaller public universities, one of the 
more satisfactory predictive equations was obtained. The non-residential 
space for these 65 institutions was explained as a function of FTE enroll- 
ment, FTE staff, and a series of advanced degrees (see Table 6,5, 
Equation 1). A satisfactory multiple correlation coefficient (R^) of .81 
was obtained in this case. The standard error of estimate is 210. The 
degrees variables included are doctorates in agriculture, doctorates in 
architecture and engineering, first professional degrees in the life and 
medical sciences, and doctor's degrees in other sciences. Note that all 
the coefficients are positive in this equation. The constant term is 
negative, indicating that this equation ^/ould produce illogical results 
for extremely small universities (i.e., very few students or staff for 
degrees granted). This means that the equation is meaningless for 
extremely small universities (say, less than 100 students), but it does 
represent a reasonable correlation for the larger institutions . This 
equation was jiidujcd to be the best of those obtained for the small 
public universities. 

Perhaps some comment on what is meant by "best" is in 
order, l-rom the standpoint of multiple regression analysis, an 
equation is better if it lias a high multiple correlation coefficient, and 
a small standard error of estimate. In addition, the standard errors 
associated with each of the coefficients in the equation should be 
small compared to the coefficients. For purposes of explaining non- 
residential space in terr.">«; of the explanatory variables, one would 
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hope for some degree of completeness with respect to the staff and 
student variables, i.e., if full-time undergraduates were included 
in an equation, then full-time graduate students should be included as 
well. Ideally, one would hope to have the expenditure variable 
included in the equation. We would prefer to have the staff and 
student variables in terms of PTE's, rather than full-time staff or 
students, since the latter tends to ignore the influence of part-time 
students. Thus, in this case, we tend to prefer Equation 1 in 
Table 6,5 to one which is similar but has full-time enrollment and 
full-time staff in place of PTE enrollment and PTE staff, and has a 
slightly higher r2, ,82, and a slightly lower standard error, 203 
(see Table 6,5, Equation 2), 

An equation such as Equation 1 is a fairly sensible one, 
since both space related to students (classroom, laboratory, etc) 
and space related to staff (e.g., office space) represent major 
portions of total non- residential space. The numbers of advanced 
dqrrees granted by field renresent an attempt to explain the differences 
in character among the members of this group of universities. Here 
we have four degree variables --doctorates or first professional degrees 
in the case of life sciences --representing four different fields of 
study. A comparison between this equation and one which includes 
only I'TE enrollment and PTE staff shows that, by adding these four 
det;rce variables, the multiple correlation coefficient is increased 
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from .62 to .81, and the standard error of estimate is reduced from 
288 to 210 (see Fable 6.5, Equations x and 3). 

The equation referred to above (Equation 1) does not 
include any measure of the instructional expenditures. However* if 
one attempts to introduce instructional expenditures as an additional 
variable in the equation above, the resulting equation (see Table 6.5, 
Equation 4) has a slightly increased (.82) and a slightly reduced 
standard error (209), but the coefficient of instructional expendi- 
tures in the equation is negative. This violates our constraint No. 1. 
In addition, the standard error of the coefficient of e:q?enditures is 
almost as large as the coefficient itself. This results in an unsatis- 
factory equation because it implies that schools which spend more on 
instruction have less space. 

The question arises --what would the results be if our 
constraints listed above were not so stringent? We pointed out that 
relaxation of constraint No. 1 (that the sign of the coefficients be non- 
negative for staff, enrollment, and expenditures variables) does not 
make any particular sense within the current context. Constraint 
No. 3 (that the standard error of the coefficient should be less than 
half the magnitude of the coefficient) is sometimes relaxed to include 
cases where the standard error is no larger than the coefficient. In 
the case of the small public universities, this relaxation on constraint 
No. 3 permits only the addition of one more degree-type variable, 
with a rather insignlj'j^git increase in R (less than .02) 
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Constraint No. 2 requires that the "independent variables" 

be basically independent. In this particular case, since none of the 

independent variables are highly correlated with one another, the 

exclusion of certain favored variables is not attributable to 

co-linearities among the independent or explanatory variables. In 

fact, in this case the highest correlation among the independent 

variables is less than .6, not a very good correlation at all. 

2. Public LTniversities with FTE Enrollment Between 10.000 
and 20,000 — • 

I' or the somewhat larger 54 public universities, space 
was best explained in terms of full-time enrollment, full-time staff, 
and baclielor's degrees in non-science fields (with a negative 
coefficient). A less impressive r2 of .74 was obtained here (see 
Table 6.6, Equntion 1). If PTE enrollment and FTE staff are used 
here, sornewliat worse resiilts arc obtained (see Table 6.6, Equation 2). 
In tills cas?, instead of bachelor's degrees in the non-science fields, 
the degree variable included was master's degrees in tlie non-science 
fields. By relaxation of constraint No. 3, can be improved by .02 
(.76 instead of .74), and the resulting equations have no particularly 
more appealing form, but have sliglitly reduced standard errors of 
estimate. It is not felt that the minor improver lent is worth the loss 
of confidence represented by relaxing constraint No, 3. 
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3. Public Universities with VTE Enrollment Greater 
than 20, nop 

The largest 26 public universities are homogeneous enough 
with respect to their pupil/staff ratios to provide satisfactory predic- 
tive equations of space based on either FTE enrollment or PTE staff. 
The R^'s for the two equations are .89 and .92, respectively, but 
the equations themselves are not very informative (see Table 6.7, 
Equations 1 and 2). In addition, the non-residential space can be 
correlated with the instructional expenditures alone, yielding a 
regression equation with an of .93. This is due to the high 
correlations among the FTE enrollment, FTE staff, and instructional 
expenditures variables. All of these correlations are greater than .94, 
so that only one of these may be included in an equation and still satisfy 
our constraint No. 2. In fact, a rather good regression equation 
relating staff and enrollment may be found. The equation is 

FTE-STF = -5,045 + .426 FTE-ENR 

The w"^ for this equation is .88, a respectable correlation. For the 
sake of completeness, we include the other two regression equations 
of instructional expenditures versus FTE enrollment and versus 
l-TE staff, having R^'s of .92 and .89, respectively: 

EXl* = -33,875 + 3,45 FTE-ENR R^ = .92 

EX? = 13,140 + 7.47 FTE-STF R^ = .89 
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In the case of the degrees -granted variables, of the 
20 variables applicable to the universities, the correlations of non- 
residential space with these variables are greater than ,9 in seven 
of the 20 cases, the liighest being for doctorates in the life and medical 
sciences, .981. for the equation relating non -residential space 
and this degree variable alone would be .96 (see Table 6.7, 
Equation 3). 

Thus, in the case of the largest public universities, the 

only regression equations obtained are simple linear equations with 

quite high correlation coefficients . This is due primarily to tlie fact 

that the explanatory variables arc highly correlated with one another, 

and the regression analysis breaks down when more than one of these 

are included in the regression equation. 

4. I^iblic (Universities Having PTE Enrollment Greater 
than 10,000 ~ 

The two largest gi:oups of public universities were 
combined in an attempt to rcniove die co-linearities found among 
tlie variables in the larger group. While this reduced the corre- 
lations among the enrollment, staff, and expenditures variables 
somewliat, these correlations were still all greater than .93. Thus, 
again we obtained simple linear regression equations involving PTE 
enrollment, staff, and exi^^nditurcs variables individually, all with 
fairly high multiple correlation coefficients (,86 to .92), but of course 
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did not achieve the desired result (see Table 6.8, Equations 1 and 2). 
In addition, the correlations between non-residential space and the 
numbers of degrees granted by level and field was quite high in 
five cases. 

5. /Jl Public Universities 

All public universities, regardless of size, were grouped 
together in a series of regression equations. Again, as before, the 
dominance of the largest universities is apparent. The correlations 
among the major "independent" variables of interest are quite high, 
still greater than .9. The results obtained here were simple linear 
regression equations (including only one independent variable) rather 
similar to those obtained before. These are characterized by fairly 
high correlation coefficients, all around .9 (e.g., see Table 6.9, 
Equations 1 and 2). 

It would appear that the university public-based sector 
is a rather homogeneous group of institutions , where the mix of 
programs is reflected in the number of staff members. It would also 
appear tliat the mix of programs does not vary too much, since non- 
residential space is higlily correlated with FTE students. Those 
institutions which arc somewhat better endowed with staff are, of 
ncCL'ssity, richer, spend more on instruction, and have slightly 
more space. It is fairly clear that the influence of the largest 
institutions is quite strong in this group of all-public universities. 




Apparently, when consklcrcd alone, the smaller universities arc of 
a more hetcrogcnctius cliaractcr, leadln(\ to more intuitively 
attractive regression forms. The regression equations obtained in 
the case of the mciiium-sized public universities are somewhat 
Inccrmedinte in their intuitive appeal. 

In addition to the regressions described above, an attempt 
was made to fit the availability of non- residential space in terms of 
the linear logarithmic regression. In this case, the logarithm of 
non- residential space was taken as the dependent variable, and the 
logarithms of PTE enrollment, i^TE staff, and instructional 
expenditures were taken as the independent variables. When an 
equation of this son is converted to antilogs, the equation relates 
non-rosidential space to a product of l^TE enrollment, PTE staff, 
and instructional expenditures, each raised to some power- -a type of 
production function, I'or the combined groups of all public univer- 
sitie.«, a regression equation of this type was obtained (see Table 6.9, 
Equation 3), having; the proper algebraic signs for coefficients of all 
of the dependent variables and an of .87 in the logarithm*?. If this 

were put on a common basis with tlie other R'^'s which have been 
quoted heretofore, it could be ex|)ectcd to be substantially lower, 
6. Private ( 'niverslties 

Our sample of private universities consisted of 
124 institutions with an ITE enrollment of less than 10,000, 10 with 




bTB enroUnicnt between 10.000 and 20,000, and 4 with PTE 
enrollment greater than 20,M)0. The four largest were Judged to 
be more similar to other four-year colleges than to universities, and 
hence were grouped with the largest private colleges. Regressions 
were run for both the 124 institutions witli less than 10,000 PTE enroll 
ment, and for these 124 institutions plus the 10 with from 10,000 to 
to 20,000 (i.e. , all private universities with PTE enrollment of less 
than 20,000). The largest of these ten institutions actually has an 
PTE enrollment of 16,299. No separate regression runs were made 
on these ten institutions, primarily because the ten points represent 
a sample too small to hope for meaningful results. In the case of the 
124 private universities with PTE enrollment of less than 10,000, 
fairly decent regression equations were obtained (see Table 6.10, 
Equations 1,2, and 3), including as independent variables (1) PTE 
staff. Instructional expenditures, and tliree degree variables (with 
an of .89); (2) PTE enrollment, PTE staff, and eight degree 
variables (R^ = .89); and (3) full-time undergraduate students, fiiU- 
tlnic graduate students, PTE staff, and doctor's degrees In other 
sciences (R^ = .87). In the case of the third equation. It Is 
Interesting to note that the coefficient for full-time undergraduates 
was 3-1/2 times smaller than that for full-time graduate students. 
Indicating that the marginal space requirements for graduate students 
are 3-1/2 times as great as for undergraduate students. 
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When the ten intermediate- sized private universities 
were included, the regression results were somewhat improved. 
Here, an of .92 was obtained in an equation which included PTE 
enrollment, i^TE staff, and instructional expenditures, as well as 
six degree variables (see Table 6.11, Equation 1). If full-time 
enrollment and staff are used instead of FTE*s, the results are 
rather similar (see Table 6.11, Equation 2). Very little is lost in 
by removing some of the degree variables and the expenditure 
variables from the equations, as illustrated by one equation obtained 
including FTE enrollment, FTE staff, and three degree variables as 
the independent variables --here the is ,90 (see Table 6.11, 
Equation 3). (This is one of the few instances where all three of the 
major variables are included in a legitimate equation.) 

Another series of runs was made on this same group of 
private universities, but excluding a number of divinity schools and 
very small universities (less than or equal to 500 FTE enrollment), 
40 in number. Satisfactory regression equations were obtained using 
the data for the remaining universities, with slightly reduced R^'s. 
For example, an R-^ of .88 was obtained using as the independent 
variables F'l E enrollment, J"TE staff, and four degree variables 
(sec Table 6.12, Equation 1). Another equation involving FI E staff, 
instructional expenditures, and five degree variables was obtained, 
having an of .8^ (see Table 6.12, Equation 2), A third equation 
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involving full-time undergraduate students* full-time graduate 
students, PTE staff, and four degree variables had an of .89 (see 
Table 6.12, Equation 3). A fourth equation used full-time enrollment, 
full-time staff, instructional expenditures, and three degree variables » 
and had an of .88 (see Table 6.12, Equation 4). 

In all of the four equations presented above, most of the 
correlations are due to our major staff, enrollment, and expenditures 
variables, along with the doctorate degrees in other sciences. The 
other degree variables which are included in these equations con- 
tribute only small increases in R^. For example, removing all 
degree variables except doctorates in other sciences from Equation 1 
results in reducing R^ by .03 (to .85) in an equation for non- residential 
space, whose right-hand side is 

76.2 + .0475 FTE-ENR + .197 FTE-STF + 14.3 D-OS-D 

Similar simplification of the other equations produces reduction of 
.04 in r2 for Equations 2 and 3 --both are legitimate regression 
equations. For Equation 4, r2 is reduced by only .01, but the 
standard error of the expenditure coefficient is large enough to 
violate our constraint No. 3, resulting in an unsatisfactory equation. 

An attempt to fit a production function in logarithms, 
outlined above, for private universities, produced an equation wherein 
the logarithm of non -residential space is explained in terms of the 
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logarithm of staff and tlie logarithm of expenditures (see Table 6,12, 
Equation 5). The r2 in this case was .84 for the logarithms, and 
would bf* much ■ jwer if put on a basis consistent with the other quoted 
multiple correlation coefficients. In order for this to be considered 
satisfactory at all, one must make the assumption that expenditures 
are proportionate to enrollments. A simple correlation between 
these two variables is .801, and between the logarithms is .286, 
neither of which is a particularly good correlation. Hence, this 
assumption is not warranted. 

Other Four- Year Schools . While it is possible to get some 
fairly high correlations of a puzzling nature in the case of univer- 
sities, the distribution of non- residential space on other four-year 
schools appears to be less well ordered. The only usable correlations 
for the four- year colleges were found for the smaller public colleges, 
and the larger private colleges . The correlations for the smaller 
private colleges were marginal. 

1. Public Colleges with PTE Enrollment I.ess than 2,500 
rhe best regression equation obtained here included as 
independe.ic variables the full-time enrollment, full-time staff, and 
bachelor's degrees in other sciences --r2 was .68 (see Table 6.13, 
Equation 1). The low multiple correlation coefficient obtained here 
is not indicative of a good regression equation. I")eleting the degree 
variable here reduces r2 jj-j (gee Table 6.13, Equation 2). If 
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FTE enrollment and FTE staff are used in place of the full-time 
variables used in Equation 1, is reduced to .61 (see Table 6.13, 
Equation 3). By relaxing our constraint No. 3 to include those 
equations where the standard errors of the coefficients are no larger 
than the coefficients themselves, might be increased from .68 to 
.71 by including five additional degree variables. This still does not 
represent a very good regression equation. 

2. Public Colleges with FTE Enrollment between 2,500 and 5,000 
For the 89 colleges in this group, there was a high 
correlation (.926) between FTE staff and instructional expenditures. 
According to our constraint No. 2, then, these two variables may not 
appear simultaneously . i a regression equation. An R^ of .72 was 
obtained in an equation using full-time enrollment and full-time statl 
as the independent variables (see Table 6.14, Equation i). A some- 
what higher r2 of . 80 was obtained by using FTE enrollment and 
instructional expenditures as the independent variables (see Table 6.14, 
Equation 2). In this equation, it is interesting to note that the 
coefficient for full-time enrollment is less than that for full-time 
staff, and is greater than that for the smaller schools. A third 
equation (see Table 6,14, iSquation 3) using instructional expenditures 
per ITE enrollment and FTE enrollment as the independent variables, 
along vvith two degree variables, had a slightly increased R^ (.82). In 
some sense, this variable of expenditures per ITE enrollment has a 

• 

381 



fair appeal in terms of a measure of richness. Although this variable 
was tried in most of our groups, universities and two-year colleges, 
as well as four-year colleges, this group is one of the few in which 
that variable turned up as present in a legitimate equation. 

3. Public Colleges with FTE Enrollment between 5,000 
and 10,000 

For this group of 65 four-year colleges, full-time 
enrollment and full-time staff account for only 47 per cent of the 
variance (see Table 6.15, Equation 1). The highest, that of .53, 
ignores graduate students as part of the enrollment, and only 
allocates additional space to master's degrees in other sciences 
(see Table 6.15, Equation 2). Adding one degree variable to 
Equation 1 increases r2 to .51 (see Table 6.15, Equation 3). These 
results are more or less useless, unfortunately. In this case, there 
are no co-linear itics among the proposed independent variables. A 
relaxation of our constraint No. 3, dealing with the standard error 
of the coefficients, permits no improvement in the equations. 

4, Public Colleges with PTE Enrollment Greater than 10,000 
This group consists of 21 four-year colleges, a somewhat 

smali sample for this type of analysis. The equations obtained have 
only one variable each, cither FTE staff, full-time staff, or FTE 
enrollment. In the case of full-time staff, only 50 per cent of the 
variation is explained by the equation. Even this, the best of the lot, 
is a pretty poor regression, 
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5. Public Colleges with PTE Enrollment of Less than 5>000 
In an attempt to find more useful regression equations, 
the public colleges were considered as two groups instead of four-- 
that is, the two smallest groups were combined and Che two largest 
groups were conribined. The group of 199 schools, a combination of 
the two smallest groups, produced a regression equation with an 
of .82, incluuing as independent variables PTE enrollment, 
instructional expenditures, and degrees in agricultural sciences (see 
Table 6.16, Equation 1). This latter variable rep resents all degrees 
in the agricultural sciences added together. This type of variable was 
tried in all other groupings, as well, but did not emerge in a 
respectable regression equation elsewhere. The results here are 
better than those obtained for the smaller of the two groups, and about 
the same as or a little better than those obtained and discussed previously 
for the larger of the two small groups. 

The production function approach here produces an r2 of 
.62 in the logarithms of non- residential space (see Table 6.16, 
Equation 2), The independent variables, of course, are the log of 
PTE enrollment, log of PTE staff, and log of expenditures. In order 
for the equation to be meaningful, tlie in logarithms should be 
much higher than .62. 
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6. Public CcUeges with PTE Enrollment Greater than 5,000 
The consolidation of the two largest groups of public 
colleges resulted in ttiis sample of 86 institutions. Fifty- three per 
cent of the variance was explained by an equation whose form is 
already famUiar, namely, one which contained two variables— full- 
time enrollment and full-time staff (see Table 6.17, Equation 1). 
This can be improved to an r2 of .57 by including two degree variables 
--master's degrees in the life and health sciences and other bachelor's 
degrees (see Table 6.17, Equation 2). The equation with the highest 
explanatory power (r2 = .59) has a less comfortable form (see 
Table 6.17, Equation 3). It includes full-time undergraduates and 
full-time staff as independent variables, ignoring graduate enrollment 
--bringing it in only as a function of master's degrees in the life and 
health sciences --and has a negative coefficient for bachelor's degrees 
in other disciplines. In the case of these larger public colleges, a 
slight improvement in both the form of the equations and the r2*s 
was obtained by this grouping. However, the resulting equations are 
still not very good regressions. The relaxation of our constraint No. 3 
on the size of the standard error of the coefficients does not produce 
anything particularly better. 

The production function approach in this case essentially 
does not work at all, producing an of .45 and a one- variable 
(logarithm of staff) equation. 
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7. Private Colleges with Full-Time Enrollment Less 
than 1,000 

In the private sector, where the average size of school is 
considerably smaller, there are 608 schools in this group with less 
than 1,000 enrollment. Several regression equations are obtained, 
all having R^'s around .60. For example, one equation, with an 
of .62, includes as the independent variables full-time enrollment, 
full-time staff, instructional expenditures, and three degree variables 
(see Tabic 6.18, Equation 1). Another, with an R^ of .61, includes 
PTE enrollment, FTE staff, instructional expenditures, and two 
degree variables (see Table 6.18, Equation 2). A third, having an 
r2 of .62, includes FTE staff, instructional expenditures, and five 
degree variables (see Table 6, 18, Equation 3), While the form of 
these equations are intuitively attractive, the quality of the regressions 
is not good. Not much improvement may be obtained by relaxing our 
constraint No. 3 concerning the size of the standard errors of the 
coefficients . 

8. Private Colleges with FTE Enrollment Between 1,000 
and 2,500 

In general, the equations obtained for these 278 somewhat 
larger private colleges are not even as good as those obtained for the 
smaller ones. The best one has an R^ of .59. Two equations have 
this same K^; the first includes as independent variables full-time 
staff, instructional expenditures, and bachelor's degrees in the other 



sciences (sec Table 6.19, Equation 1). A second, and somewhat 
more complete equation, Includes FTE enrollment, FTE staff, 
expenditures per FTE enrollment, and three degree variables (see 
Table 6,19, Equation 2). These regression equations are not 
particularly good, and no significant improvement could be realized 
by relaxing our constraints. 

9. Private Colleges with FTE Enrollment Greater than 2,500 
Attempts to run regression equations on the 49 private 
colleges with FTE enrollment between 2,500 and 5,000 resulted in 
very poor correlations, with a maximum of around .45, To this 
group of 49, we added the eight private colleges with FTE enrollment 
greater than 5,000 and the four universities with FTE enrollment 
greater than 20,000 which appeared to be of a similar nature. This 
resulted in a group of 61 institutions and vastly improved regression 
equations. For example, 89 per cent of the variance is ejqjlained by 
using just the two independent variables: FTE finrollment and FTE 
staff (see Table 6.20, Equation 1). The use of FTE enrollment and 
instructional expenditures alone produces an of .87 (see Table 6.20, 
Equation 2). If bachelor's degrees in agricukural sciences and 
master's degrees in the life sciences are included along with the 
FTE enrollment and l^^TE staff, r2 is increased to .93 (see Table 6.20, 
Equation 3). The highest r2 in this group is ,95 for the equation which 
uses full-time enrollment, full-time staff, master's degrees in the life 
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and medical sciences, and bachelor's degrees in the other sciences 
(see Table 6.20, Equation 4). An equation using FTE enrollment, 
FTE staff, expenditures per FTE enrollment, and two iCgree 
variables had an of .93 (see Table 6.20, Equation 5). In this 
group, there was a high correlation (.943) between FTE staff and 
instructional expenditures, accounting for the fact that these two 
variables do not appear together in any of our regression equations. 

The production function approach here yields an r2 of .71 
In the logarithms --nowhere near as good as the straight linear 
regressions, 

iO, Privctce Colleges with FTE Enrollment Less than 2,500 
This group is a combination of the two smaller groups of 
private colleges previously discussed, and consists of 886 institutions. 
It will be recalled that the correlations were around .60 when these 
two groups were run independently. By combining the two groups, 
somewhat improved regression equations are obtained. FTE enroll- 
ment and FTE staff explain ,66 of the variance (see Table 6.21, 
Equation 1), and the addition of three degree variables increases 
r2 to ,69 (see Table 6.21, Equation 2). If, instead, we take as 
independent variables FTE staff and instructional expenditures, along 
with four degree varialilcs, we obtain an R^ of ,74 (see Table 6.21, 
Equation 3), Perhaps the most satisfying ecjuation is one which uses 
full-time enrollment, full-time staff, instructional expenditures, and 
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two degree variables (see Table 6.21, Equation 4). This results in 
an r2 of .75, the highest obtained in this group. This is possibly 
not too bad, considering the large size of the sample (886 institutions). 

The relaxation of our constraint No. 3 results only in the 
admission of the following equation 

25.5 + .0111 FTE-ENR + .226 FTE-STF + .0405 EXP 

with an R^ of .72. This equation aad been previously excluded 
because the standard error of the coefficient of FTE enrollment 
(.00588) was larger than half of the coefficient itself. 

In an attempt to find improved correlations, 114 divinity 
schools were excluded from this group, resulting in a group of 
772 institutions. Here an R^ of .71 was found for an equation 
including the Independent variables FTE enrollment, FTE staff, and 
instructional expenditures (see Table 6.22, Equation 1). This would 
not appear to be a great improvement. The production function 
approach here produces an R^ of .72, not as good as the straight 
linear approach (sec Table 6.22, Equation 2). 

Two- Year Schools . At best, the regression results in the case 
of the two-year schools (junior colleges) were poor. The best results 
appeared to be for the public junior colleges with enrollments greater 
tlian 2,500, where an as high as .68 was obtained. 
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1. Public Jwinior Colleges with PTE Enrollment Less 

than \:m 

This group is composed of 262 small institutions. 
Maximum R'^'s for the regression equations were less than .40, 
which would indicate practically no correlation at all. No possibility 
of improvement was possible without a complete destruction of our 
list of constraints. 

2. Public Junior Colleges witii PTE Enrollment between 
1,000 and 2,50C) 

This group is composed of 209 institutions. Here, as in 
the smaller group, no satisfactory results were obtained, the 
maximum 11^ was still less than .40, and no improvement could be 
found within the framework of this analysis. 

3. Public Junior Colleges with FTE Enrollment between 
2,500 nnd 57550 

Por these 104 institutions, the maximum value of 
obtained was .42, and no significant improvement could be found by 
relaxing our constraints. 

4. Public Junior Colleges with l^TE Enrollment Greater 
than 5,000 

l^or the 60 schools in this group, the maximum was 
.54, However, the equation had an unsatisfactory form. The .54 
could, however, be increased to .59 by relaxing our constraints 
somewliat, but, since this is still unsatisfactory, it seems pointless 
to pursue. 

« i/ 1^ 
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5. Public Junior Colleges with PTE Enrollment Greater 
than 2,S()() 

khia grouping was a combination of the two larger groups 
above, and consisted of 164 institutions. The R^*s obtained for this 
group were somewhat improved, to a maximum of .68. This was 
obtained for an equation which included PTE undergraduate students, 
PTE non-degree credit students, full-time staff, and two degree 
variables, i.e., junior degrees in architecture and engineering, and 
in other fields (see Table 6.23, Equation 1). Using PTE staff in this 
equation instead of full-time staff yields an equation almost as good, 
having an R^^ of .65 (see Table 6.23, Equation 2). Replacing the 
undergraduate and non-degree-credit variables with the single 
variable, PTE enrollment, produces no significant change (see 
Table 6.23, Equation 3). Examination of the details suggests that 
no substantial improvement could be realized by relaxing our constraint 
on the standard error of the coefficients. 

6. Private Junior Colleges 

The world of private junior colleges consists of 
164 institutions with PTE enrollment of less than 1,000, 15 institutions 
with PTE enroilnient between 1,000 and 2,500, and 3 with PTE enroll- 
ment between 2,500 and 5,000. The first series of regression runs 
was made using the 164 smallest junior colleges. For these, tlie 
largest R'' obtained was .54 in an equation using as independent 

Hit 

o 

ERIC 



A-109 



variables full-time undergraduates, full-time staff, junior degrees 
In architecture and engineering, and other sciences (see Table 6.24, 
Equation 1). Here, full-time non-degree credit students were not 
included in the equation, detracting from the appeal of the form. 

Dropping out four divinity schools firom this group 
(resulting in a group of 160 junior colleges) Increased the for the 
same equation to .57 (see Table 6.24, Equation 2). This Is still a 
rather low regression coefficient. No improvement could be realized 
by relaxing our constraint No. 3 in either this or the previous case. 

Another series of regression runs was made, using all 
private junior colleges--a group consisting of 182 institutions. For 
these, the best obtained was .57 in an equation which included 
full-time staff, junior degrees in architecture and engineering, and 
other sciences (see Table 6.25, Equation 1). Dropping out the four 
divinity schools (resulting in a sample of 178 institutions) increases 
the R'^ to .59 and permits the addition of full-time undergraduates to 
the equation (see Table 6.25, Equation 2). In neither case, of course, 
are full-time non-degree credit students used as an independent 
variable. At best, these regressions are poor, and no substantial 
improvement can be made by relaxing the constraints. 
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TABLE 6.1 

NUMBER OF INSTITUTIONS IN COMBINED DATA BASE 
BY T\TE. CONTROL, AND SIZE OF INSTITUTION 







FTE 




Tvoe 


Control 


f3iirollment Rdiifire 


Incf if 1 If {nnfi 


Universities 


Public 


Less than 10,000 


65 






10.000 - 10 000 














Private 


Less than 10,000 


124 






10,000 - 20,000 


10 






Greater than 20.000 


A 

■if 


Other Four- Year 


Public 


Less than 2.500 


110 


Schools 




2,500 - 5,000 


89 






5,000 - 10,000 


65 






Greater than 10 000 


21 




Private 


Less than 1.000 


608 






1,000 - 2,500 


278 






2,500 - 5,000 


49 






5,000 - 10,000 


8 


Two- Year Scliools 


Public 


Less than 1,000 


262 






1,000 - 2,500 


209 






2,500 - 5,000 


104 






Greater than 5,000 


60 




Private 


Less than 1,000 


164 






1.000 - 2,500 


15 






2,500 - 5,000 


3 



Source: HEGIS Surveys 1970-71, 
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TABLE 6.2 



INSTITUTIONAL VARIABLES INCLUDED IN 
COMBINED DATA BASE 



Variable Description 



1 Classroom space 

2 Laboratory space* 

3 Office space 

4 Study space 

5 Special use space 

6 General use space 

7 Support space 

8 Medical care space 

9 Total non-residential space 

10 Total residential space 

11 Classroom plus laboratory* space 

12 Non- class UJjoratory space 

13 Total degree -credit undergraduates - Full-time 

14 Part-time 

15 " " FTE 

16 First-professional students - Full-time 

17 Part-time 

18 " " " FTE 

19 Graduate students - Full-time 

20 " Part-time 

21 " " FTE 

22 Non -degree -credit resident students - Full-time 

23 Part-time 
2^ •» •» •» FTE 

25 Grand total students - Full-time 

26 Part-time 

27 FTE 

28 Professional staff - Full-time 

29 " " FTE 



* Fxckidinij: labs used for rcsearcli only, 
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TABLE 6.2 (Cont'd) 

INSTITUTIONAL VARIABLES INCLUDED IN 
COMBINED DATA BASE 



Variable Description 



30 Professional plus non-professional staff - Pull-time 

31 " PTE 

32 Instructional staff - Full-time 

33 " " FTE 

34 "Office staff" - Full-time 

35 " " FTE 

36 Total full-time resident faculty - Academic deans 

37 Professors 

38 Associate professors 

39 " " Assistant professors 

40 Instructors 

41 Lecturers 

42 Undesignated rank 

43 Degrees granted - Agriculture and related sciences - FP 

II g 

45 " " " M 

•♦ II II It Q 

4" ♦♦ i» II It II jj^ 

48 " Architecture and engineering - FP 

49 " •♦ g 

50 " " " " " M 

51 " " " " " D 

52 " " JR 

53 " Life and health sciences - FP 

M tt It It tt g 

55 " " " " •• M 

56 " " " " D 

r*7 M tt tt tt It tt Yf> 
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TABLE 6.2 (Cont'd) 

INSTITUTIONAL VARIABLES INCLUDED IN 
COMBINED DATA BASE 

Variable Description 



58 Decrees granted - Other sciences - FP 

59 " fi 

60 " " " M 

61 " " " D 

62 " " " JR 

63 " " Other fields - FP 

64 " " " " B 

65 " " .... M * 

66 " " " " D 

67 " " " " JR 

68 Total current funds revenues 

69 Instructional revenue (tuition, fees, government 
appropriations, endowments, gifts) 

70 Other revenues (total - instructional) 

71 Expenditures - physical plant maintenance and operation 

72 Total current funds expenditures 

73 Estimate of total spent for physical plant assets 

74 "Instructional expenditures" 

75 (^ther expenditures (total - instructional) 

76 Instructional profit (revenues - expenditures) 

77 Other profit (revenues - expenditures) 

78 Avg. mo. sal'y - Tot. FT res, fac, - Academic deans 

79 Professors 

HO Associate professors 

81 Assistant professors 

S2 Instructors 

83 Lecturers 

84 Undesignated rank 

Source: lir-GIS Sui-veys 1^)70-71. 
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TABLE 6.3 

GROUPINGS OF HEGIS FIELDS OF STUDY BY FIVE MAJOR FIELDS 
AND LEVELS OF DEGREES GRANTED 

1, Agricultural Sciences 

A. Bachelor's, Master's, Doctor's Degrees 

Agriculture and Natural Resources 

B. First Professional Degrees 

None 

C. Junior Two- Year Degrees 

Natural Science Technologies 

2, Architecture and Engineering 

A. Bachelor's, Master's, Doctor's Degrees 

Architecture and Environmental Design 

Engineering 

Fine and Applied Arts 

B. First Professional Degrees 

None 

C . Jun ior Two - Year Degrees 

Mechanical and Engineering Technologies 

3, Life Sciences 

A. Bachelor's, Master's, Doctor's Degrees 

Biological Sciences 
Health Professions 

B. I'irst Professional Degrees 

Medical Sciences 
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TABLE 6.3 (Cont'd) 

GROUPINGS OF HEGIS FIELDS OF STUDY BY FIVE MAJOR FIELDS 
AND LEVELS OF DEGREES GRANTED 



3. Life Sciences (Cont'd) 

C, Junior Two- Year Degrees 

Health Services and Paramedical Technologies 

4. Other Sciences 

A. Bachelor's, Master's, Doctor's Degrees 

Computer and Information Sciences 
Home Economics 
Physical Sciences 

B. I^'irst Professional Degrees 

None 

C. Junior Two- Year Degrees 

Data Processing Technologies 

5. Other Fields 

A, Bachelor's, Master's, Doctor's Degrees 
Area Studies 

Business and Management 

Communications 

Education 

Foreign languages 

Law 

I .etters 

1 library Science 
Mathematics 
Military Sciences 
Psychology 

Public Affairs and Services 
Social Sciences 
Theology 

Interdisciplinary Studies 
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TABLE 6.3 (Cont'd) 



GROUPINGS OF MEGIS FIELDS OF STUDY BY FIVE MAJOR FIELDS 
AND LEVELS OF DEGREES GRANTED 



5. Other Fields Cont'd) 

B. First Professional Degrees 

Lav. , Theological Professions and Other - all 
considered as Master's Degrees, no FPD as such 

C, Junior Two- Year Degrees 

Arts and Science or General Programs 
Business and Commerce Technologies 
Public Service -Related Technologies 



Source: See Appendix 6, 



498 



i 




« s ^ * 
S S 8 S S 



BEST con AVMUUIE 



§ i 





A-n? 



• • • 



s s ^ 1 

§ 8 S 8 



i 



• • • • 



< 



< CI) 

Si 



O VI 



•7 < 
S3 



1 ^ 



1. 



2 



o 

IS 



00 



« SI 

s 



i i S i i ill 



^ »Q O W 

^ oe «4 

«• M M 



^ S S 1^ 

3 8 S S 



« >o o 

I § s i § 



? ^ i 

<N r; ^ w 

CSI CO CO M 



c >o Q^ 1/^ oo 
^ o > « 

<N "-r * »o 



rsi 



IT 



9^ 



9 



00 



00 



o 



«*5 
00 

s 



• 

CO 



o o 



m4 n 



CM cr> 



00 



CO 



c 



1 

to 

I I 

it" b 

c 



7) 



13 u 

< w 



X4 



s i 1 I i .is s g s § 



r>» ^ »M 

O CM 00 

^ ^ «^ 

e S o 



2 a § « ^ S 
S S i 1 S S 



ft 

cs 



e 

rs 



•1 ae 



00 



CO r>- r>» p-< »/i 

• ••••• 

«>4 M r<>« 00 
>0 n « 



«-4 pi^ CM 

V >o 



s 



CO 



IT f-< 

>0 (N 



ir 3 



V. 



;2 



00 * 



c 



S3 



fO 

o o 



1"^ i/> 
• • • • 

^ ^ ^ 2 



i«l ^ CM 



9 t: » 



^ ^ ^ ^ 



5 ^. 

§ e 

2| ? 



(M 



% 

5 

Si 

o 



ERIC 



409 



CO 

< 



0. 

5| 

Si 



•32 

ii 

Si 

< X 



I 

c 
c 



fib 

3U) 



I 

t 



3 



<N 



2"o 



« § s 

§ I § 



^ z :i ^ % 
i i g S 1 



^ ^ 00 

o ^ 

*4 *4 aii^ 

o o c 



CO V5 



C 5 S g § 



• t 



• 



3C %0 

0(5 fo 



>C ^ 1^ X 

CO go 



» i/r 1^ 
(N r4 M 



3 ^ ^ 3 

M CN ^ 



REST copy WWLVJU 

! 



i § 

e 6 



i 



• • • • 

I I 



CO CO 

§ § 1 § 

• • • • 



CO 

o c 



? K ? >s 

s; u 

5 « S 5 



« o ^ 

• • • 

o o 

CM CM CN 



■ 

9^ 



00 CM 

C^4 C^. «0 



CO 



3 3 



(0 V 



I 



•1 2 

to 



55 



• • • 



§ 



• • • 

I I 



1 1 1 



• • t 



% s s 

• t t 



o a Q 
• • ■ 



i 



S 



• • • 



o o o 

• • • 



5 



00 

• • 

00 9m 



CO to 
^ «k 



CO <N 

in ^ ^ 
• • • 



<fi 2 



A-118 



— 













•« 




(/• 




• 


c 








* 


k. 


u 


r 


1 


c 












'«> 




^1 


7. 


/, 













^ < < 



ii 



i 

O 



QQ 



> 

■5 



mm 

1 

o 



y 



ERIC 



^ 410 



CQ 
< 



8 









Q 




1 




O 






o 












8 








".8 




CN • 









I 

h 

as 



a: 

I 



00 

OS o 

ss 



00 
CO 
I 

II 

U 
I 



Q 

8 
6 

o 

CO 



CN 

00 



Q 
I 

I 

Q 

00 
CN 



^ Q 

< 



OS 

Os 00 
Os CO 




z 

I 

H 

(JU 

r>. 1-4 
o o 



II 

CO 

I 

Z 



J5 o 
^ u 



CM 



00 
00 
CN 



CN 



CN 

00 



c 

o 

cr 



CM 



CO 



ERIC 



4ii 



A-120 



e 

o 

U 

lO 

o 

u 

CQ 
< 



CO 
3 

cr 
8 

•iH 

CO 
(0 

a: 



^ U 



I 

O 
< 

Q 

00 • 

+ ^ 

H 

lO O 

rN CO 
o 



a: 

z 
u 

I 

u 

IX ^ 

NO in 
o 

c o 



00 
■ 

CO 
I 

II 

u 
< 

I 

2 



OS 
O 
CN 



CN 
CO 




Q 

8 

I 

00 ^ 

• o 

CO • 



Q 

I 

CO ^ 
OS vO 



I 

as 
< 

I 

CO ^ 

o • 

+ ^ 



B 

C 

cd 



I 

o 
I— t 

CO 

s- 

Is. 
V4 
3 

O 



?3 o 
cr 



o 

3 
O 

C/0 



ERIC 



412 



A-121 



NO 

u 

OQ 
< 



W 

6 
a: 



3 

cr 
g 

CO 

w 
<u 

U 

bO 



C/5 



I 
I 

Q ^ 

O CO 
00 CVJ 
CO 



h 

C/3 
I 

H 



0^ 
00 



s 



a: 

I 

H 

vO 
CVJ o 
CO CO 
^ o 



+ 

vO 
I 

II 

< 

CO 

I 

2 



o 



00 
00 



I 

u 

H 

ti- ^ 
^ o 

CO 
CO 



s 



lO "—I 
lO VO 
1/5 C^J 

o o 



+ 
II 

1 

I 

z 



lO 



<2i 



C 



I 

o 



CO 



3 

CO 

5 



ERIC 



c 

O 

3 Z 

cr 

W 



CM 



(D 
O 
U 
3 
O 
C/) 



A- 122 



• 

CQ 



O 
b 

U 
< 

CO 

< 

H 
Z 

Q 

^8 

' o 



H 
2 
U 

o 
z 

u 

H 



z 
o 
z 

oc: 
o 

b 

z 
o 

(- 
< 



O 

z 
< 

H 

H 

< 

o 



eg 



V5 00 

Z> 

2z 

CO -J 

t/3 

(I] 

o 
u 

a: 



c 

o 

CO 

cr 
S 

•pH 

CO 

a: 









idar 






ro 




c 






4-1 






C/3 







z 
u 

I 

u 

H 

VO »H 



o 

CO 



u 
< 

CO 

I 

Z 



00 



[In 

H 

CO 
I 

U 
H 

vO 
CO 

II 

U 

u 
< 

Ou 

CO 
I 

z 



00 
00 



o 



Q 

I 

Q 

CO ^ 
• oo 



II 

Ct] 
< 

C/5 
I 

z 



9^ 

vO 



vO 



o 

4-1 

T3 



I 

o 



CO 



3 
CO 

> 

CO 

o 
w 



ERIC 



e 

o 

3 Z 
CP 



CO 



X 



n 



o 
u 

o 



A-123 



00 

Ui 

CQ 
< 



o 

u 
< 

CO 



h 

2 
W 

o 

Z 

u 
u 



Z , . 

CO 

CSS 
I 

Z 
O 

z 

eS 

O 

(X 

CO 

Z 

o 

< 



o 
o 
o 



z 



< 

O 



^ CO 

si cij 
Z> 

Qz 

CO 11/ 

id 

o 



CO 
3 

cr 
§ 

CO 

w 

bO 
Q> 



CO 



OS 

z 

U 
CI] 

h 

CM 00 

^ o 
• o 



+ 
o 

so 
I 



< 

Ou 

CO 
I 

2 



CO 



=0 



h 

CO 
I 

h 

so 
Cs) CM 
00 ^ 
CO o 



+ 

CM 
so 
lO 

II 

W 

U 
< 
Ou 

CO 
I 

Z 



so 



1 



I 

o 

OS 

>. 



3 

CO 



CQ 

a 
m 



ERIC 



cr 



CM 



O 
U 

o 

CO 



0tt 



41S 



A-124 



C/5 

Ci4 



C/5 

a: 

> 



h 
h 



CQ 



a< 
O 

CO 

< 

h 

Z 

u 

Q 

CO 

U 
a: 

i 

o 

CO 

Z 
O 

i 

c 



CO 

H 



CO 

cc 

Z 

g 

CO 

CO 

O 



3 

cr 
Ci) 

I 

CO 
CO 

<u 

bO 

<u 

a: 



3, o 
2 w 

CO 



c 

o 

cr 



Z 

w 

I 

H 

^ <^ 

vO lO 

CO 

^ o 
• o 



CO 
I 



u 
< 

CO 
I 



I 

H 

^.8 



o 



00 



NO 



< 

CO 
I 

Z 



CM 
OS 



O 

ON ON 

CO o 



z 
u 

I 

u 

h 

O 
O 

o 

CO o 



On 

CNJ 



II 

W 

< 

CO 

I 

Z 



§ 



NO 

ID 



00 



El] 
O 

3^ 

On CO 
.H O 



CO 



I 

O 
On 



to 



3 

CO 

CO 

o 

CI] 
X 



o 

ERIC 



41« 



A-125 



NO 

CI] 

J 
ca 
< 



3 

cr 
U 

c 

o 

CO 
CO 

bO 
Q> 



Q 
I 

J 
Q 

so ^ 

On 00 

• • 

CO 



CQ 
I 

o 
< 

I 

Q 

00 vO 



f- 

I 

f- 



o 



in 

CO 
CO 

o 



CO 

eg 

II 

U 

u 
< 

CO 

I 

z 



On 
00 



X 

CO 
o 



Q 

8 

Q ^ 

00 NO 

+ 



CQ 
I 

o 
< 

Q 

00 
lo rs 



00 
O lO 

^ o 



2 
U 
I 

u 
f- 

NO On 

CO ^ 
o o 



On 
II 

u 
< 

a. 

CO 
I 

Z 



b 
I 

Q 

CN| 



o 

ON 
ON 



Q 

I 

< 

I 

Q 

ON 



CO 



CQ 
I 

< 

CO CNJ 

00 CO 



I 
I 

^ 1/5 
^ lO 
CO ^ 

I 



Q 

8 

I 

CN Jo 

Ov 00 



GQ 
I 

CO 

O 

I 

Q 

"<t Co 

+ 



Q 

I 
I 

Q 

o 

• ON 

CO • 



>^ u 

2 Cd 



CM 
CM 



CM 

cr: 



00 



00 



a Z 



CNJ 



ERIC 



417 



A-126 



u 
o 

3 



H 
< 



Z 



2 
J 

O 

z 

H 



< 

CO 

-1 
< 

P 
Z 

u 

Q 

a: 
I 

z 
o 
z 

a: 
O 

C/3 
C/3 C/3 



z 
< 

X 
H 



Ci] 



~ MM 

< H 

W c/3 

a; 

c/3 t7 

u ::: 

o= Z 
I"" 

CO 
CO 

a: 

o 

CI] 

a; 



s 

•(-( 

CO 
CO 

a: 



o 

00 



D Z 

cr 



I 



lO CO 
-H O 



CO 

a: 
o 

I 

es CO 
^ r>. 
c"^ o 



B 

I 

H 

CM OO 

o o 



II 

u 
< 

CO 
I 

Z 



CO 



00 



Q 

I 

CO 

O 
Q 



00 



CO 



o 

OS 



3 
CO 

SQ 
O 

a: 



u 
o 

CO 



ERIC 



418 



A- 127 



< 
(-1 



> 

a* 

a: 

U [1] 



O 

Z 
U 

H 



< 
Z 

u 

Q 

u 
a: 

I 

z 
o 
z 

Oh 

CO 

cr: CO 



o 
2 



Z 

o 



W CO 

.. H 

cH u 

'J > 

2 ^ 
O 

CO 



S 

ut 
eu 
3 

cr 

I 

CO 

(D 

bO 
<u 
a: 



-3 



:-0 



CQ 
I 

o 

I 



H 

CO 
I 

h 

CO lO 

i-i c 



2 
I 

Ez] 
H 

ri. 

lO 

00 
CO 

o 

+ 
o 

\n 
11 

CO 
I 

a: 

z 



CN 



I 

Q 

00 ^ 



CQ 

8 

I 

Q 
o 

• 00 
CN • 

I 

J 
Q 



00 

• 00 
CM • 

I 



ft 



CN 

On 
CO 

38 



Q 

I 
I 

Q 



00 
lO o 

• 00 
CM • 



2 

I 
I 

00 

o 

CM .-I 



I 

O 
< 

I 

Q 

On CO 
On r> 



CO 
I 

H 

lO vO 



^ + 



2 
H 

r>. CO 
00 to 
lO 1-1 

o o 



CO 

ii 

CI] 

< 

a< 

CO 

I 



Q 

8 

I 

Q 

CN 00 
NO 

00 pH 



GQ 
I 

CO 

o 

I 

Q 



1-H lO 
CO 
• 00 

CNl • 



2 

J 
I 

Q 

• 00 
^ • 

I 




Q 

I 
I 

Q 

to nO 



Q 

vO to 

as CN 

CN ^ 



rN 

CN 



CN 

a: 



CN 



2 5 
cr 



CN 



I 419 



ERIC 



A-128 



e 

o 
U 



5 

3 

g 

ro 

'A 

0) 
U 

bO 



^ u 
c u 

2 w 



a: 



c 
o 
— ^ • 

3 Z 

cr 



I 



QQ 
I 

o 
< 

I 

Q 

O 00 

m ^ 



ll4 

I 

U 
H 

o 

O CN 
^ O 



2 
H 



o 



o 

00 



+ 



U 
< 

CO 
I 



CN 



CO 



Q 

I 

C/5 

O 
I 



00 

o • 



Q 

a: 
< 

I 

Q 

00 00 
• • 

CO ^ 



*•» 
e 

(0 



I 

«i 



3 

I— H 

o 

X 



u 

3 



«U 429 



ERIC 



A-129 



CM 
so 

< 



< 
> 

a. 

cc 
O 

u 

u 
< 



Z 

u 
-J 

o 



^8 

u S 
^z 

o = 

Z H 

PS 
^< 

2o 
u 

.. Ltl 

fir 

c/: 

c; 
O 



c 

o 

4-1 

e« 
3 

cr 

c 
o 

CO 
CO 
0) 

0) 



CO 



CN 







+ 


+ 






CQ 




1 


AG- 




-LP 


1 

Q 


Q 


Q 


+ 476 
(211) 


4 D-OT- 
6) 


- 2.21 
(1.08 


STF 


1.8 
(.69 


G-B 


1 


+ 


<; 






H 


Q 

1 


Q 


.153 
(.026C 


D-OS 


617 
(210) 




^•8 






+ 








-EN 


t-H CM 




H 


+ 




U 
H 


>-OS-B 


1 

U 
H 


00 cs 


00 




OS 00 


CO »^ 


CM 


o o 


u 


^ O 


• • 








OS •O 
O 




o 

• 


. . 

CO f-t 


o 








o 

II 


+ 


li 


U 




u 








< 




< 








CO 
1 




CO 
1 


a: 






z 




Z 



oc 

CN 



00 



CN 



00 



^ 00 
00 ^ 

38 



Q 

I 

H 
O 

I 

Q 



Q 

CO 

O 

I 

Q 

VO ON 
CO 00 
• • 



I 

CO 

O 

vO O 

Tt* 00 

• OS 
CO • 



I 

U 
H 

CM 
\0 
lO Csj 

f-H O 



CO 

o 

I 

H 

OS 

m m 

CM o 



O 
D 

I 

sO CO 
00 1/5 

o o 
+ ^ 

00 

• 

>o 

II 

[x] 
U 
< 
Ou 
CO 
I 

z 



CN 



00 



3 



CQ 
I 

CO 

O 

I 

Q 

00 

CM 
+ 

I 
I 

Q 



»H O 

I 



CQ 


Q 
1 


1 

o 


CO 

O 


< 


1 


1 

Q 


Q 


O 00 




NO O 


• • 


sO CN 


OS CN^ 






+ 


+ 



ERIC 



cr 
U2 



CM 



421 



CO 



A-130 



c 

o 
U 

CM 



NO 

m 

< 



h 

< 
> 

Qui 

Of: 
o 

< 

H 
Z 

u 

Q 
f 2 



o 

a: 

z 
u 

a 

H 



a: 
CI] 

< 
a: 

o 



O 

z 
o 

H 
< C 

W 

CO 

.. cu 

^ CO 

""z 
g 

00 
CO 

m 
a: 

o 

Ci] 



a 

o 

4-1 

OS 
3 

cr 
U 

S 

CO 
CO 

(U 

bO 
d) 



•a 

C 



2 w 



CN 



8 

3 Z 



OQ 
I 

o 
< 

I 

Q 

CO ^ 



CO 

I 

H 

CO 
vO CO 

^ o 



z 

I 

H 

CO vO 
ID 

o o 



CO 



u 

CO 
I 

z 



0^ 



00 
00 



38 



Q 

8 

I 

Q 

CO CO 

• 00 

CM • 



2 

I 

I— ( 
I 

Q 

O 00 
CO O 



ill 



Am 

X 
U 

O 

3 

lO 
i-H 

vO 



00 

o 



I 

H 

o 

vO lO 



ON 

CO 
o 

I 



u 
< 

CO 

I 

a: 

z 
o 

3 



in 



CO 



o 



I 

o 
o 

CO 



3 
CO 

CO 

5 

X 



o 
o 
u 

3 

o 

CO 



ERIC 



iZ2 



A-131 



CO 
i-H 

NO 

CI] 

CQ 
< 



□ 
o 



H 
2 

o 



<z 

< E 

Ho 
Z 9 

Q 
z 

o 

Z 

o 

CO 

Z 

o 



z 
< 



CO 
C/3 



< 



J 
O 
_ O 

CO 

H < 



CO 

z 
g 

CO 

W 
OL 
O 



rV. 



c 

o 

<0 
3 

Cd 

c 

o 

••-4 

w 

CO 

u 



U 

CO 

-a 
c 



CO 



c 

o 

3 Z 

cr 



o 



QQ 

I 

Q 
o 

CM • 



f- 
00 
I 

f- 

o 

CN 
• 

Z 
Cl] 
I 



CO 



vO 

o 



e 
CM 
CO 

II 

U 
< 
Cu 

CO 
I 

cr: 

z 



CO 
NO 



NO 



I 

H 

NO 

o 

CN 



00 



I 

H 

m ^ 

CO o 

o o 



ON 

II 

b] 

i 

I 

Z 



NO 



!8 



CN 



I 

C/5 



lO »H 

ON ON 
ON 
• 



CN 



to 
H 

b, ^ 

NO 
NO 00 
ON I-H 

-« o 



• + 



Z 

w 

I 

b] 
H 

o o 



NO 

00 

II 

bl 
u 
< 

C/3 
I 

z 



ON 
NO 



NO 
• 



CO 



ERIC 



o 

CO 



3 

CO 

CO 

O 
X 



0) 

u 

3 

<S5 



123 



A-132 



5 



C/3 W 



s 

I 

CO 
CO 
0) 

V4 



TO Q 



c« O 
3 Z 

cr 



h 

V3 
I 

h 
o 

+ 

2 
Ex] 

I 

H 
o 



3 



in CN 
o o 

• 

+ 

CO 
I 

II 

u 
u 
< 

c/3 
I 

z 



00 
so 



CN 
1-^ 



X 

8 

+ 



8 



z 
u 

I 

u 

h 

ss 

lO 
I 

II 

u 
u 
< 

Ou 
c/3 
I 

z 



o 



o 

00 



CN 



ERIC 



til 



2 



00 00 
CO \fi 

00 CO 



I 

< 

I 

Q 

CM lO 
• OS 
Csl • 



I 



00 CO 
•H O 

o o 



o 
o 

00 
•H 

I 

II 

< 

Ou 
CO 

I 

Z 



CO 



Cvj 
00 



CO 



424 



z 

I 

H 

vO 

28 



1^ 
I 

f-H 

CO 



3 

C/3 

O 
U 
X 



0) 

u 

3 
O 
C/3 



A-133 



in 

Ui 

^ 

< 



3 

I 

CO 



V. u 

CO 



I 

CO iH 



z 

Cvl 00 
1-1 1/5 
sO 1-1 

o o 
+ ^ 

ID 
I 

II 

U 
< 

CO 
I 

Z 



8 8 



O 

r>. CO 



I 

h 



<N 



s 



I 

h 

O lO 
in lO 
vO 1-1 

o o 



!8 

I 

II 

CI) 

u 
< 

z 



00 
CO 



CO 
lO 



I 

a 

NO ^ 
•H CO 

l>» CO 

+ 



00 ^ 

t>s O 

CM ^ 



Z 

u 

I 

h 

« ir> 
o o 



• 

I 

II 

u 
< 

a. 

CO 

I 

z 



o 



I 

ON 



CO 



3 
CO 

S2 



ERIC 



o 
cr 



CM 



CO 



3 



A-134 



NO 



NO 

QQ 
< 



c 
o 

*•* 

cr 

a 
o 

CO 
CO 
0) 

l4 

bO 
(U 



"2 

C/3 



cr 



ID CO 

CO ~ 

o 



< 

I 

O 
Q 

csi • 



H 

o 

00 vO 
CO O 

o o 

o 

CO 

II 

u 
< 

I 

z 



00 



u 



lO CN 

vo 

CN O 



a: 
2 

I 



O ON 
CNJ lO 
CO O 

a • 

ON 

CO 
I 

II 

I 

a. 

Z 

o 
o 



CN 



(l4 

X 

o 

3 



OS 
CM 
o 

4- 



CM 



1 



o 
9 



3 

CO 

CO 

3 

Ed 
X 



O 

3 
O 

CO 



erJc 



I2i 



A- 135 



vO 

m 

CQ 
< 



U 

s 

o 
< 

CO 



H 
2 

J 
O 
a: 



< o 

2 
U 
Q 



ID 

z 
< 

X 
H 

< 
O 



CO 

U 

a: 

I 

z 
o 
z 

o 

<3 

.. u 

CO CO 



Z 

o 

CO 

O 

w 



w 

I 

D 

o 

O 



e 
.2 

CO 
3 

cr 
g 

•iH 

to 
to 
<u 

U 

bO 
0) 



2 

CO 



CN 



3 Z 

cr 





+ 




D-LF-M 








4.35 
(2.03) 




+ 


.273 FT-STF 
:.0842) 


.264 FT-STF 
.0842) 


+ 




FT-ENR 


FT-ENR 


.0227 
.0112] 


.0383 
.0136] 




+ 


0 

f— 1 


204.8 


II 


II 


NR-SPACE 


NR-SPACE 



vO 



CO 
lO 



lO 



OQ 
I 

H 
O 

I 

a ^ 

^ o 

1^ o 
I 



I 

o 

28 

I 

OS 00 
NO h«. 
CM O 



S 

I 

h 

'«:t« CO 

S3 

• 

oo 

11 

i 

CO 

I 

2 



00 



CO 



ERIC 



427 



CQ 
I 

I 

CO T!« 
CO ID 
^ O 

I 



1^ 
I 

o 
o 

CO 

i 

3 
CO 

O 



3 
O 
CO 



A-136 



00 

S 

CQ 



p 

< 
> 

a, 

cc 
O 

U 
< 

CO 



H 
Z 

u 

J 
o 

a: 
Z 

u 

H 



r* o 



Q 



CO 
I 

g 

Z 
O 

CO 

Z 

o 



z 
< 

H 

CO 
CO 



CO 



U CO 

CO < 



CO 

U 

z 
c 

CO 
CO 

cc: 
o 



I 

O 
a: 

O 



3 

g 

CO 
CO 
0) 

u 

0) 

a: 



1^ 

CO 



c 

o 

3 Z 

cr 



I 

o 
< 

I 

Q 

NO \0 
CO 



H 

CO 
I 

H 

NO 

00 lO 
CM CN 

rsi o 



ce: 
Z 

u 

I 

H 

o 

CM vO 

TJ< O 

o o 



00 
II 

u 
< 

CO 
I 

»; 
z 



CO 



ft 



CN 
O 

CO 

o 



NO 

o 

3 

o 



CQ 

8 

I 

CO 



s 



I 

a: 
< 

Q ^ 
CO CO 

VO CM 



I 

cc 
< 

I 

o Jo 

O CS 
00 CN 



H 

CO 
I 

U 

CO 

On 

fH O 




OQ 

I 

Q 

CO 00 

• CO 



o 



>o 



ERIC 



428 



< 

I 

Q 

CO 00 

SO CN 
• • 

I 



CM 'J 



CQ 

o 

CO ^ 
CM vO 
• • 

00 CO 



I 

H 



8 

CN 



00 

• 

CN 
CV| 

II 

u 
< 

CO 
I 

eC 
Z 



CO 



CM 
NO 



CO 
CM 

o 



I 

Os 00 
»H O 



CQ 
I 

I 

o2 

Tt* CO 
»H O 



OQ 

I 

O 



O Ttl 
• CO 



ft 



00 CO 

CO ' 

o 



CO 



I 

On 
CO 



s 

CO 

o 

a: 



O 
3 

o 

CO 



< 



is 



cu 
O 

u 
< 

00 



Z 

u 

J 
o 

a: 

z 
u 

u 
f- 

o 
o 



^ - 

u g 

OS ^ 

• o 

z ^ 

OH 

S2 



Mas 

.. < 

i" 

CO 

U 
O 

u 
a: 



o 



c 

o 

cr 
§ 

•iH 

CO 
CO 
(U 

u 

a: 



T3 

^ U 

o 

C/5 



CM 



00 

O 



o 

o 
o 



CQ 

8 

I 

Q 

lO o 
lO CO 



h 

CO 

I 

h 

o 

lO vO 
CO O 



CO 



U3 
U 
< 

CO 
I 

Z 



00 



< 



CO csi 



H 

CO 

I 

CU 
h 

00 
O CO 
00 lO 
CM O 



eei 
Z 

u 

I 

u 

H 

It ^ 

vO CM 
00 Tt< 
CO »-H 

o o 

• 

CM 
I 

II 

U 

u 
< 

CO 

I 

Z 



OS 
Z 

I 

CI] 
H 



CO 

o 



CQ 



I 

Q 



CQ 
I 

I 

Q ^ 

O CO 
O CM 

Tt< CVl 



I 

o 



CO 

>. 

a-. 



s 

C/3 

O 



c 

o 

c 



CM 



Si 



A-138 



o 

NO 
-J 

CQ 
< 



h 
< 
> 

a, 



z 



o 

a: 
WW 



0^ 

o 



< 

CO 



^58 



Z 

u 

Q 

a: 

I 

z 
o 
z 

o 

Cz. 

s 

< 

a 



Z 
< 
X 
h 

a: 
< 

a: 
o 

X 



00 



[2 



CO 



u 

CO 

a: 
< 



ii 

a: 

w 'J 



c 

o 

CO 
3 

g 

CO 
CO 

<u 
u 

0) 

a: 



O 



JS o 

CO 



CM 



tl. 

H 

CO 
I 

W 
H 

CN NO 

O »H 

^ o 

Z 
I 

U 
H 

8S 



00 
00 

II 

< 

CO 

I 

2 



o 



CO 



X 

w ^ 

CO 
Ov CO 

S8 



z 



00 

O 

o 



00 



II 

u 
< 

CO 

I 

a: 

z 



NO 



00 



CQ 
I 

o 
< 

I 

Q 

00 
CM 



o 



-H CM 



H 

CO 
I 

H 

NO 
NO CO 
»H I— I 

^ o 



Z 

NO NO 

CN 

o 



11 

CI] 

o 

£ 

CO 

I 

Z 



2 
I 

I 

Q 

o 

a^ 

CV| 



I 

J 

I 

o ^ 

00 00 
• vO 
CM • 



H 

CO 

I 

H 

I— I 
CS f-A 

o 



z 

I 

00 00 
cs - 
o 



CO 
ON 



o 



II 

w 

CO 
I 

Z 



On 



CQ 

8 

I 

Q 

lO 00 
CO CO 

CM • 



c 



r C 

= z 



CO 



ERIC 



A- 139 



s 

u 

• O 
CM 

Ui 
J 

CQ 
< 



ERIC 



CO cju 



►-3 lO 
5- CM 



§ 

«>» 

C8 
3 

cr 
U 

S 

CO 
CO 

q; 



rt O 

CO 



CN 



•go 

3 Z 



OQ 
I 

o 
< 

I 

Q 

00 vO 

• • 



H 

CO 

I 

H 

o 

CO 00 

CM -H 



o 



Z 

u 

I 

H 

t— I 

NO vO 

lO ~ 

o 



ON 
ON 

I 

II 

< 

CO 
I 

a: 

z 



o 

CM 



CO 

ON 



z 

I 

H 



3 ?3 



U 
o 

s 



o 

3 



I 

< 



00 vO 



1^ 
I 

o 

OS 



CO 



3 

3 



u 
o 

CO 



431 



A- 140 



CM 

tx] 

CQ 
< 



H 
< 

5 ^ 



O 



u 
< 

55 w 



o 

oe: 
z 



lO 



< 

H 
2 
U 

Q 

a: 

2 
O 
2 

a: 
O 

Ci. 
CO 

2 
O 

h 
< 



CO 
CO 

tc] 

J 

X 
h 



CO 



CO 
►J 

CO 

a 
cc 

z 
c 

CO 

CO 

W 



I 

o 

h 
O 



o 
cr 

I 

W 

o 

9-1 

bO 



CO 



c 
o 

cr 





+ 








1 












i 




Q 








~ CQ 




in ^ 




• • 




1 








M 


V/J 


CO 


1 


1 


Ci] 




H 










00 CNl 




^ CM 






CO 0 


• • 


• • 




+ ^ 


Ci 














1 


u 




h 


h 




tin ^ 


00 




10 0 




2S 


CNl 0 


0 0 


0 0 




• • 










• 


• 








CN 


II 


II 


U 


U 




u 


< 


<: 






CO 
1 


CO 




1 

ci 


2 






10 


»o 










NO 


• 


• 







CQ 
I 

H 
O 

I 

Q ^ 

vO CO 
^ CO 

^ o 



CQ 
I 

CO 

O 

I 

Q 

CNl CO 

00 00 



432 



GQ 
I 

Cl. 
.J 



rvj O 
CO ^ 



I 

< 

Q ^ 

00 
10 m 
00 eg 

I 



h 

CO 

00 CO 

^ eg 
eg o 



• 

NO 

CM 
II 

U 

u 
< 

CO 

I 

2 



o 
10 



CO 



00 vO 

CO 
o 



CQ 
I 

I 

Q ^ 
CO in 

in cs 
o o 



OQ 

I 

Q 

CO 10 

CO NO 

• CM 



I 

< 

I 

ON 10 

00 CN| 



h 

CO 
I 

h 



CM 



CM 

o 



ai 
2 

I 

H 

CM ^ 

S8 



vO 
CM 

II 

u 
< 

CO 
I 

2 



o 
10 



10 

CM 

CO 
o 



CQ 
I 

CO 

O 

I 

Q 



10 

CM 



I 

o 

ON 
f-H 

CO 



3 
CO 

CO 

5 

PJ 



(U 

o 

CO 



ERIC 



A-141 



CM 
NO 

< 
t-1 



< * 

£ w 

U ce: 

U 2 

< W 



m 

CM 

z 
< 

H 

CO 
CO 

-J 



H 
Z 
Ed 
Q 

CO 

Ed 
on 

Z 

o 
z 

< w 
Ld CO 



CO < 

:- 

— ^ 



2:0 
o 

Ld 



g 

4-1 
<« 
3 

cr 
Ed 

§ 

CO 
CO 
<D 
U 
bC 



S Cd 

.0 



CI 



Qu 
X 
Ed 

90 

s 



CM 
CO 

o 
o 



H 
co 

I 

Ed 
f- 

Ei* ^ 

h«. lO 
CS Cvl 
tN O 



CC 

z 

Ed 
I 

Ed 

f- 

El. ^ 

10 CO 
10 vO 

^ o 

o o 

• • 

o 

• 

CN 
CM 



Ed 

< 

I 

z 



10 



I 

8 



vO 

NO 



CO 



z 

Ed 

I 

u 

H 

U4 



CN lO 
CN O 



00 

CO 
I 

II 

W 

U 

CO 
I 

CC 

Z 



o 
o 



00 



CN 



CL. 

X 
Ed 

O 

3^ 

CO S 

^ 10 
cs O 



o 



> 



I 

o 



(D 
I> 
U 
=3 
CO 

O 
C3 



td 



o 
u 

3 

o 

CO 



ERIC 



A-142 



CO 

U 

CQ 
< 



S 



Z 

u 
o 

2 



o 

U 

o 

Wg 
Qm 

W 

. <: 

2 X 
OH 

a: 

H 
< 

u 
a: 
o 



02 

o 

C/3 

2 
O 

h 
< 



Ci3 CO 



V5 

H 
-J 

u 

2 

g 

(A 

o 
u 
a: 



< 

>* 
o 



S 
cr 
g 

CO 
CO 
0) 



g 

;/3 



U4 

o 
u 
u 



H 

I 

h 

1-1 CO 
ID lO 
CO o 



U 

2 
I 

U 
H 

o 

CO vO 



I j3 



B 

I 

U 
f- 

>o a 

CO vO 
CS Q 

o o 
+ ^ 

eg 

II 

u 
< 

a. 
I 

2 



GO 



I 

NO 

o o 

I 



I 

< 
I 

Q 



CO 



OS 

o 



+ 



H 

CO 
I 

H 

eg o 



I 

u 

00 CM 

o 



a: 

B 

_ o 

NO CO 



eg 



00 
vO 



t 
rvi 
O 

• 

eg 

• 

Cv| 
II 

u 
< 

CO 
I 

2 



OS 



NO 



NO 



I 

00 ^ 
NO CN 

o o 



I 

Q ^ 

Tt« NO 

^ o 



I 
I 

1-1 lO 
CN NO 



H 

CO 
I 

U 
H 



o 
eg 



lO 

3 



0: 

2 

CO 
o 



CO 

eg 
10 
o 
o 



CN 

eg 
II 

U 

U 

CO 
I 

2 



eg 

OS 



3 



I 
I 

so 10 
00 

o o 

I 



•Q 



g 

3 2 

cr 



eg 



CO 



ERIC 



A- 143 



vO 



< 



§ 
s 

CO 
CO 
<D 

<D 



^ u 

JS o 
^ u 



c 

o 

= z 



cr 



+ 




+ 




D-AR-J 




D-AR-J 




1.31 
(.262) 




1.32 
(.249) 




+ 








-STF 




.492 FT-STF 
.0707) 




.519 FT- 
.0741) 






+ 




+ 




FT-'JGR 


>— » 
1 

CO 


FT-UGR 


1 


.4 + .0329 
(.0134] 


L.0679 D-O 
(.324) 


.6 + .0407 
(.0129) 


1.04 D-0£ 
.308) 




1 


I-- 
1— ( 


1 


II 




II 




NR-3PACE 




NR -SPACE 





lO 
CM 



in 



CN 



CN 



CO 

I 

o 

CO 

.s 

o 
s: 



435 



1^ 
I 

o 

o 
1— ( 

CO 

3 
00 

CO 

5 
1 



o 

3 

o 

CO 



ERIC 



A-144 



CM 
vO 
Ui 

J 

CQ 
< 



§ 

CO 
3 

cr 
g 

CO 
(0 
0) 



T3 



8 

I 



CN 
CO 



o 



a: 
< 

Q ^ 

i-H 

lO CM 

^ o 



H 

I 

H 
in 

NO 



I-H 



in 



CM 

II 

U 

u 
< 

I 

OS 

Z 



1^ 



I 

< 

Q ^ 

NO 

^ o 

12S 



H 

CO 

I 

H 

I-H 

^ CM 

lO O 



O 
D 

I 

H 



CO CM 

Ov ON 

38 



NO 

ON 



u 
< 

Qu 
CO 
I 

2 



00 
CM 



On 

to 



I 

CO 

O 

I 

CN 

<^ 

vO 00 
CO O 

I 



0} 
CO 



I 

0} 

s 

CO 
CO 

o 



ERIC 



g 
cr 



CM 



131 



3 
O 



0) 

g 

3 

o 

CO 



